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CLINICAL AND EXPERIMENTAL 


THE TAKATA-ARA REACTION* 
I. CLINICAL SIGNIFICANCE 


JULIUS CHASNOFF, M.D., AND SypNEY Sotomox, M.D.. New York, N. Y. 


— the past vear, the Takata-Ara test was performed on a series of 
75 ceases. Our purpose was to determine what diagnostic value the test 
has in cases of liver disease. With that in view, the reaction was determined 
ina group of patients with outspoken liver disease, and in a group in which 
there was no clinieal reason to suspect any liver involvement. The latter were 


int nded to serve as controls. 
HISTORY 


In 1925 Takata’ devised a test depending on a colloidal reaction which he 
felt was of value in differentiating between lobar and bronehopneumonia. In 
same vear Takata and <Ara,? using cerebrospinal fluid, reported further 
experiences with the test, which suggested its use in differentiating between 
meningitis and syphilitie involvement of the central nervous system. These 
investigators attributed the flocculation which occurs in the positive test to a 


change in the relationship of the albumin and globulin in the serum or spinal 
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In 1929 Nicole, under the direction of Staub, showed that a positive 
Takata-Ara reaction in spinal fluid occurs when the albumin-globulin ratio is 
changed, particularly the globulin. In 1924 Adler and Strauss‘ had shown 
that in eases where there was liver damave, the relationship of the serum 
albumin and globulin was disturbed. Having these facts in mind, Staub’ sug 
vested that the Takata-Ara reaction might be of value as a diagnostic measure 
in liver disease, and actually found the test positive in all cases with severe 
parenchymatous liver damage. Influenced by Staub’s suggestion, Jezler®* per 
formed the test on serum and ascitie fluid, and reported positive results in cases 
of severe parenchymatous disease of the liver, particularly cirrhosis. 

Since then numerous conflicting reports have appeared endeavoring to 
assay the value of the test as a diagnostic measure in liver disease. Greatest 
attention has been given to the results of the reaction in eases of cirrhosis 
Most investigators, amone them Staub." Skouge,’’ Oliva and Pesearmona,' 
Seaindel and Barth,'? and Teath,’® have obtained positive results in a larg: 
percentage of their cirrhosis eases. Takata,'! in a monograph written in 1935, 
found that of all the cases reported in the literature the test was positive in 
90.1 per cent and negative in 9.9 per eent of cases of liver cirrhosis. Similarly, 
Kirk’ in 1936 collected from the literature 375 eases of liver cirrhosis of whiel 
315 gave a positive Takata-Ara reaction. 

On the basis of reports similar to these, some have concluded that the 
test is fairly specifie for cirrhosis of the liver. However, most of these authors 
agree that in the early stages of the disease the test is frequently negative 
(‘rane’® found the test to be highly specific in cirrhosis, but also in cases of aeut 
vellow atrophy; and many authors®*'' ™ have reported positive results in vari 
ous other diseases associated with liver damage. On the other hand, Neuweiler"® 
found that in toxemia of pregnancy, even when there was severest liver change, 
the test was always negative. Fulde’® had similar results. Ragins,®° however, 
did obtain positive results in cases of toxemia of pregnancy. 

Oefelein,?' Ragins, and others report positive reactions in eases of liver 
disease in whieh the degree of liver damage is not always extensive, such as 
malignant involvement of the liver, stasis due to eardiae failure, hepatocellular 
(eatarrhal) jaundice, and liver damage secondary to cholelithiasis with obstru 
tion. 
Different results have been obtained in carcinomatous involvement of t! 
liver. Schindel and Barth, van Ginkel,?? Magath,?* and Kirk have found that 
the test may be positive in liver malignaney. On the other hand, Jezler, Cran 
and Hugonot and Sohier** obtained negative results in this condition. Fulde 
claims that the test is always negative in carcinoma, even with extensive 
volvement of the liver where very little functioning liver tissue remains. Ile 
concludes, therefore, that the test is of absolute value in differentiating between 
carcinoma involving the liver and cirrhosis. Since this differential problem not 
infrequently confronts the clinician, such elaims for the test become of great 


importance and demand very critical consideration. 
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METHOD AND INTERPRETATION OF REACTION 


We employed Crane’s modification of the method used by Jezler. In 
every ease the test was performed on the serum within one to two hours from 


the time the blood was drawn, although according to Jezler,? Crane, and Kirk 


serum kept in the refrigerator or preserved with toluol or thymol can be used 


after several days or even weeks. 

One cubie centimeter of 0.9 per cent solution of sodium chloride is placed 
into each of six small tubes. To the first tube 1 ¢.¢. of serum is added. After 
mixing with the saline, 1 ¢.c. of the mixture is removed and added to the saline 
in the second tube. This procedure is continued throughout the six tubes, 
| ce. of the mixture from the last tube being discarded. The six tubes now 
contain serum dilutions of 1:2 to 1:64. To each of the tubes there is then added 

“¢. of 10 per cent sodium carbonate. After shaking, 0.15 ¢.c. of 0.5 per 
cent mereurie chloride is added. The tubes are thoroughly shaken and ex- 
amined after five minutes and again after twenty-four hours. A positive 
reaction is indieated by a pearly floceulum. Occasionally a reddish precipitate 
oceurs Which is not a true floeeulum and should not be considered as repre 
senting the specific reaction. 

Our manner of interpreting the results was as follows: 

1. Strong positive.—A definite floeeulation in 4 or more tubes, or in 3 
tubes at least one of which shows a floeceulum occupying about one-third of the 
column. 

Positive-—A definite but small floeeulation in 3 or 4 tubes. 

3. Weak positive-—A definite but minimal flocculation in no more than 3 
tubes. 

All others were considered negative. 

There is a difference of opinion among various authors as to the extent to 
Which the readings of the reaction may be subdivided. Heath divides the 
readings into five groups. Magath also lists five groups, but actually econ- 

rs those falling into the group he terms ‘‘suspicious’’ as negative. He 

tes that ‘‘from a technical standpoint it is impossible to identify the test 
accurately as positive unless a degree of precipitation is present sufficiently 

t to leave no doubt about the positiveness of the reaction.’’ In our series, 

regarded as negative a minimal flocculation in one or two tubes, whieh 


igath considers weakly positive. 
RESULTS 


The test was performed 82 times on the 75 eases. Table I is a summary 
of the results obtained in the entire series. Of special interest to us were the 
results obtained in liver cirrhosis, malignaney involving the liver, and liver en- 
larzement due to cardiae failure. Of the 7 eases of clinical cirrhosis, 2 were 
regirded as of syphilitic origin. In the other 5 eases, the diagnosis of true 


Laénnee cirrhosis was made. In one of the cases of Laénnee cirrhosis our first 
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TABLE I 
RESULTS OF THE TAKATA-ARA REACTION IN 70 CASES 
NO, O} NO, O} POSITIVE REACTIONS rOTAI NEGATIVE 
DISEASI CASES rESTS STRONG POSITIVE WEAK POSITIVES REACTIONS 
Cirrhosis: 
Laénnee ) s ! ” 7 I 
Syphilitie g } | ya 0) l 
Carcinoma of liver i S > l } Ss ) 
Parenchymatous 
liver damage: 
Hepatocellular 
jaundice { | () l 1 
Syphilitie hepatitis | | () () l l " 
Acute toxic hepatitis | | () () ] l ) 
Liver abscess | | () () 1) ( 
Obstructive jaundice: 
stricture ommon 
duet ] ‘) “ ] ‘) 
Caleulus common 
duct () ( ‘) ) 
Adenocarcinoma of 
ommon duet ] l () | ) | () 
Adenocarcinoma of 
pancreas () () ] ] ” 
Hepatomegaly unde 
termined origin S S () 2 ] 3 a) 
Cardiae decompensation 
with permanent 
liver enlargement: 
Arterioselerotie and/or 
hypertensive heart 
disease SN S 0 ‘) yA ye f) 
> , « > , , 
Rheumatic ys ya () ft) ] ] 1 
Thyrotoxic 1 l 0 0) 0) 0) 1 
Miscellaneous Ze 2S 0 6 ] 7 1 
Totals re) §2 Ss 16 l 7 $5 


result was 


‘vative. Exactly one month later the reading was strongly pos 


tive. In one ease of syphilitic cirrhosis the test was at first negative, but 4 


days later it was strongly positive. 


In 6 of the eases with ascites, the Takata-Ara reaction was performed 01 


the ascitic fluid. Two of these gave a positive reaction in both the blood and 


ascitie fluid. 


reaction. the deeree of flocculation was not as marked as in the blood. In o1 


In two other cases, although the ascitic fluid gave a positive 


instance, the reaction in the blood was strongly positive, the ascitic fluid neg 


tive. In the sixth of this group, the blood was at first negative, and at that 


time the ascitic fluid was also negative. On a second examination, when 


+ 


reaction was strongly positive in the blood, the ascitic fluid was still negati 


On a third determination the reaction in the blood was still positive and that 


in the ascitic fluid had become weakly positive (see Table II). 


From Table I it will be noted that all of the 7 cases of liver malignancy 


gave positive reactions. Of the 8 tests done, 3 were strongly positive, 1 posi- 


tive, and 4 weakly positive. 






In this group the diagnosis was confirmed in 3 
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TABLE Il] 


RELATIONSHIP BETWEEN TAKATA REACTION IN BLOOD AND ASCITIC FLUID 


CASE NO. rAKATA IN BLOOD TAKATA IN ASCITIC FLUID 

y | 0) 

10 0) () 
() 

15 

6S 4 

70 

strong positive ++—— positive +—weak positive (negative 


by autopsy or operation. In the other 4, the fact that the site of a primary 
lesion was known and the hard nodular state of the liver left little doubt 
as to the diagnosis of carcinoma of the liver. 

Under the head of parenchymatous liver disease, it will be noted that of 
the 4 cases with hepatocellular (catarrhal) jaundice, one gave a positive reae- 
tion. Each of our 2 hepatitis cases, one svphilitie and the other acute toxie, 
wave positive reactions. 

We had in our series 11 cases of long-standing liver enlargement in cardiac 
patients who were chronically decompensated. These may justifiably be as- 
sumed to be eases of eardiae cirrhosis. Of this group, 3 gave positive reactions, 
8 negative. 

It is of interest to note that of our 27 miscellaneous eases, serving as con- 
trols, 6 gave a positive reaction. The diagnoses in these cases were: senile 
eataraet, chronic myelogenous leucemia and bronechopneumonia, chronie glo- 
merular nephritis, peritoneal carcinomatosis, lobar pneumonia and asthma, 
chronie adnexal disease. In none of these was there any clinical evidence of 
liver cell damage, although in the first three mentioned, the liver was enlarged. 
However, it should be noted that there were 3 other eases with liver enlarge- 


ment in this miscellaneous group in which the Takata reaction was negative. 
COMMENTS 


Our findings are in aecord with those of most investigators who claim that 
the test is positive in advanced cirrhosis, but may be negative in early cirrhosis. 
However, we must point out that in only two of our eases of cirrhosis did we 
obtain a negative reaction first and a positive reaction later. But, sinee the 
time interval between the two tests was in the one instance a period of one 
month and in the other only four days, it is unwise to attempt to attribute 
this change to a progression of the liver disease from an early to an advanced 
Stage. Furthermore, in both instances, when the test was negative, the patient 
clinically showed evidences of advanced hepatie cirrhosis. We had a further 
experience of obtaining a weak positive reaction in a patient with a peptie 
ulcer, in whom the reaction was negative one week later. This difference in 
the results obtained would rather indicate the unreliability of one determina- 
tion in any suspected ease. Fulde reports a ease in which this is demonstrated 
even more clearly. The case, according to clinical criteria, was definitely one 
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of liver cirrhosis. The test performed on two successive days was negative the 
first day and weakly positive the next. As a diagnostic test in cirrhosis, there 


fore, the Takata-Ara reaction is of little value, since by the time the reaction 


becomes positive the diagnosis ean usually be made clinieally. 


Even with this faet in mind, the test would still be of considerable value 
if the contention of Fulde and others could be substantiated that it is nega 
tive in metastatie liver involvement and therefore can be used to differentiat: 
between cirrhosis and carcinoma, where this differentiation presents difficulties 
clinically. In our series, however, the test was positive in all cases in which 
there was any degree of certainty about the diagnosis of carcinoma. We ean 
therefore, not subscribe to the view that the test is of differential diagnostic 
value. The results of others would also indicate that the test may be positiv: 
in malignancy. In Kirk’s series, for example, of 5 cases with liver metastases 
3 gave a positive reaction. Of the 133 eases of tumor of the liver whieh he 
gathered from the literature, over 30 per cent gave a positive Takata-Ara reac 
tion. Magath similarly reports 7 positive reactions out of 9 cases of carcinoma 
involving the liver. Sechindel and Barth obtained 8 positive reactions in 9 
eases of liver malignancy. 

Along with Fulde, we have found that a small percentage of cases with 
liver enlargement due to cardiae failure show a positive Takata-Ara reaction 
This has been the experience of many investigators. In the 3,583 eases col 
lected from the literature by Kirk, 122 were eases of passive congestion of 
the liver and 20 per cent of these showed a positive Takata-Ara reaction. 

The results in other parenchymatous affections of the liver are ineonstant 
The test is positive in some cases of hepatocellular jaundice and negative in 
others. In obstruetive jaundice we found the test negative 5 times and posi 
tive in 3 eases. Magath reports a negative reaction, except where extensive 
liver damage was present. We cannot agree with Oefelein that the test is 
such an extremely sensitive indicator of the condition of the liver parenchyma 
that it will register even small changes. By plotting the amount of flocculation 
observed in each tube, he obtains various types of eurves and feels that the 
type of curve is indicative of either progress or regression of the disease process 
in the liver. Magath finds that the degree of positiveness is not well correlated 
with the degree of liver disease and states that ‘‘it is evident that the sub 
divisions of the test are too fine for clinical use.’’ 

The fact that positive reactions were obtained in 6 eases where there 
clinically no liver involvement is significant in that it supports the view th: 
the test is by no means a specific one. It was found by others to be positive 
a variety of nonhepatie diseases, for example, syphilis,?® *° pulmonary tubercu- 


* 24 and protozoal infestations 


losis,*° glomerular nephritis,?* infectious diseases,” 
of the blood.2* Four out of 33 patients with no evidence of liver disease in 
Magath’s series gave a positive reaction, and Kirk obtained similar results in 
7 out of 39 patients. Heath showed that 3 per cent of general medieal cases 
in which liver damage was not diagnosed gave positive reactions. Findings 
such as these have led Jezler, Magath, Kirk, and many others to the conclusion 
that the test is not specifie for cirrhosis of the liver. 
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Some investigators who have performed the test on the aseitic fluid as well 
as on the blood serum, feel that the reaction in both media runs parallel. 
Staub and Jezler** go further and claim that the test can be performed with 
equally reliable results on various body fluids, for example the contents of 
blisters, pleural exudate, and knee joint effusions (although they did not ob- 
tain positive results in the spinal fluid of cirrhoties even when the blood was 
positive). In those cases, however, in which we performed the test simul- 
taneously on the ascitie fluid and blood serum, we frequently found a diserep- 


aney between the reactions obtained in the two media. 
CONCLUSIONS 


1. The Takata-Ara reaction is positive in cases of advanced liver cirrhosis. 

2. It is also positive in most cases of malignancy involving the liver. 

3. The test is, therefore, not a satisfactory means of differentiating be 
tween cirrhosis of the liver and carcinoma involving the liver. 

4. The test is frequently positive in severe liver damage and may be 
positive in mild parenchymatous disease of the liver and in cases where the 
liver is enlarged due to cardiae failure. 

5. The test is occasionally positive in cases in which there is clinically no 
evidence of liver disease. 

6. The Takata-Ara reaction cannot be regarded as a specifie test for 
cirrhosis of the liver, but a negative reaction in any suspected ease would tend 


to east doubt on the diagnosis. 


REFERENCES 


lakata, M.: Ueber eine Neue Kolloidchemische Sero-Diagnostik der Lungenentztindung, 
Far East. A. Trop. Med., Tr. Sixth Cong. 1: 693, 1925. 
2 Takata, M., and Ara, K.: Ueber eine Neue Kolloidchemische Liquorreaktion und _ ihre 
practischen Ergebnisse, Far East. A. Trop. Med., Tr. Sixth Cong. 1: 667, 1925. 
Nicole, R.: Ueber die Takata-Ara Reaktion im Liquor cerebrospinalis, Ztschr. f. klin. 
Med. 110: 94, 1929. 
Adler, E., and Strauss, L.: Beitrag zum Mechanismus der Bilirubinreaktion im Blut 
serum, Ztsehr. f. d. ges. exper. Med. 44: 9, 1924. 
5. Staub, H.: Ueber funktionelle Leberdiagnostfk, Schweiz. med. Wehnschr. 59: 308, 1929. 
Jezler, A.: Beitrag zur funktionellen Leberdiagnostik, Ztschr. f. klin. Med. 111: 48, 1929. 

“ler, A.? Die Takata-Reaktion als differentialdiagnostisches Mittel bei der Unter- 
suchung von Punktionfliissigkeiten, insbesonders Aszites, Schweiz. med. Wehnsehr. 
60: 52, 1930. 

ezler, A.: Die Takatasche Kolloidreaktion in Serum und Ko6rperfliissigkeiten und ihre 
Beziehungen zu StoOrungen des Eiweissstoffwechsels der Leber, Ztsehr. f. klin. Med. 
114: 739, 1930. 

Staub, H.: Ueber beginnende Leberinsuffizienz, Deutsche med. Wehnsehr. 57: 2133 
1931. 

uge, E.: Der Wert der Takata-Ara Reaktion und der Koagulationshand-bestimmung 
bei Leberkrankheiten, Klin. Wehnschr. 12: 905, 1933. 

a, G., and Pescarmona, M.: The Takata Reaction in Hepatic Diseases, Minerva 
med, 2: 12, 1933: Abstr. Chem. Abstr. 27: $578, 1933. 

\indel, L., and Barth, E.: Die Bedeutung der Takata-Reaktion fiir die Diagnose der 
Leberkrankungen in Ihrem Verhiltnis zur Galaktose-und Bilirubin-Belastung, Klin. 
Wehnschr. 13: 1329, 1934; 13: 1355, 1934. 

ath, C. W.: The Takata-Ara Test in Diagnosis of Liver Disease, New England J. 
Med. 211: 1077, 1934. 

l4, kata, M.: Ueber die Takata-Reaktion im Blut, Monograph, Kobe, 1935. Quoted by 
Fulde.19 bs 














S94 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


15. Kirk. R. C.: The Takata-Ara Test and Its Relation to Cirrhosis of the Liver, J. A. M.A 
107: 1354, 1936. 


16. Crane, M. P.: A Modified Mereurie Chlorid Reaction (‘Takata-Ara ) in Cirrhosis an 
in Neoplasms of the Liver, Am. J. M. Se. 187: 705, 1934. 

17. Jezler, A.: Klinisehe Erfahrungen mit der Modifizierten Takatareaktion, Klin. Wehnsehir 
13: 1276, 1934. 

1S. Neuweiler, W.: Takatische Reaktion und Schwangerschaftstoxikose, Klin. Welnsch 


13: 1428, 1954. 
19. Fulde, W.: Wert und Methodik Verschiedener Leberfunktionpriifungen fiir Klinik ur 
Praxis, Klin. Wehnschr. 14: 1201, 19535. 


20. Ragins, A. B.: The Value of the Takata and Ara Reaction as a Diagnostie and Prog 
nostie Aid in Cirrhosis of the Liver, J. LAs. & CLIN. Mep. 20: 902, 1935. 

21. Oefelein, F.: Wirkungsmechanismus der Reaktion nach Takata-Ara und ihre Praktise! 
Bedeutung als Leberfunktionspriifung, Klin. Wehnschr. 14: 56, 1935. 

22. van Ginkel, J. H. R.: Takata-Ara Test in Cirrhosis of the Liver, Nederl. tijdsehr. 
geneesk. 78: 991, 1984. Quoted by Magath.25 

23. Magath, T. B.: The Takata-Ara Test of Liver Function, Am. J. Digest. Dis. & 
Nutrition 2: 715, 1936. 

°4. Hugonot, G., and Sohier, R.: La réaction de Takata-Ara, Rev. méd.-chir. d. mal. 
foie 9: 1, 1934. 

25. Tannenholz, H.: The Takata Serum Reaction as a Diagnostic and Prognostic Aid 
Syphilology and Dermatology, Am. J. Syph. 17: 552, 1935. 

26. Pongor, F.: Ueber die Takata-Reaktion, Beitr. z. Klin. d. Tuberk. 78: 758, 1931. 

27. Jezler, A.: Takata-Reaktion bei Nierenkrankheiten, Miinchen. med. Wehnsehr. 82: 289, 
1935. 

28. Staub, H., and Jezler, A.: Kolloidreaktion im Serum: Beitrag zum Mechanismus der 


Takata-Reaktion, Klin. Wehnsehr. 14: 1638, 1935. 


THE TAKATA-ARA REACTION* 


Il. MecHANISM—WITH SpeciaL REFERENCE TO THE INFLUENCE OF THI 
AMMONIA Boop LEVEL 
JULIUS CHASNOFF, M.D., AND SYDNEY SoLomMon, M.D... New York, N. Y. 
yen the introduction of the Takata-Ara test there has been considerab 


speculation as to the mechanism of the reaction. The test depends on al 


{ 


alteration in the stability of a colloidal suspension of a mereury oxysol, resulting 
in the formation of a pearly flocculum. 

Various explanations for this flocculation have been offered. The one most 
generally accepted is that held by the originators of the test, Takata and Ara,’” 
according to whom the formation of the floeeulum depends upon an alteration i” 
the protein constituents of the blood serum. Some investigators believe that th 
factor of primary importance is the lowered albumin, while others take the view 
that the elevated globulin is the responsible agent. More recently the reactio! 
has been attributed to various other factors, for example, the total proteins. 
fibrinogen, certain fatty acids, heparin, the hydrogen ion concentration, and thi 
ammonia level in the blood. 
eres the service of Dr. I. W. Held, Beth Israel Hospital, New York. 
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In 1935 Staub and Jezler,* in order to prove that the result of the Takata- 
Ara reaction is dependent upon the colloid make-up of the serum, performed an 
interesting series of experiments. They passed Takata-positive sera through 
Bechhold filters and found that the filtrate gave a negative reaction, while the 
residue continued to be positive. They coneluded from this that the flocculation 
reaction was dependent upon the colloidal residue. Further, they warmed 
Takata-positive sera till clot formation occurred and then filtered and obtained 
a negative reaction in the filtrate. They also found that a pure 2 per cent globin 
solution, prepared from ox blood, always gave a positive reaction. 

The evidence for the claim that an altered albumin-globulin ratio is re- 
sponsible for the Takata-Ara reaction comes from various sources. Takata, 
Nicole,* and Jezler® showed that a positive reaction was obtained in eases in which 
this shift in the albumin-globulin ratio occurred. Jezler found an increased 
globulin in all of his Takata-positive sera. Jezler and Mezeyv® further demon- 
strated that in almost all positive cases there was an elevation of the tryptophan 
content of the serum above the upper limit of normal. Since globulin contains 
three times as much tryptophan as does albumin, they concluded that this was 
corroborative evidence of an elevation of the globulin fraction. This is stressed 
by most investigators who subseribe to the theory that the altered albumin- 
globulin ratio plays an important réle. On the other hand, Tannenholz’ feels 
that the albumin serves as a protective colloid to hinder the formation of a mer- 
cury precipitate in normal serum. Oliva and Pesearmona*® from their work also 
concluded that the reaction depended on a diminution in the protective action of 
serum albumin. Abrami and Robert-Wallich® and most of the Italian school 
take the same view. 

Adler,'” in a monograph on plasma and serum, quoted the normal albumin- 
globulin figures obtained by various investigators in a large variety of animals. 
These showed a wide range of normal values. Staub and Jezler performed the 
Takata-Ara reaction on a small group of these animals and, using Adler’s figures, 
demonstrated a direct relationship between the degree of positivity of the Takata- 
Ara reaction and the relative globulin content of the blood in all but the frog. 
Their results are so striking that their table is reproduced here (Table I). 


TABLE I 


ALBUMIN-GLOBULIN RATIO AND TAKATA REACTION IN VARIOUS ANIMALS 


ALBUMIN-GLOBULIN RATIO 


ANIMAL TAKATA-ARA REACTION 

Guinea Pig 0 2.4/1 
Pig () 1.5/1 
Man 0 1.5/1 
Sheep ( ) ? 

Cow 0.8/1 
Horse 0.6/1 
Frog 0 0.2/1 


Most of the cases reviewed by Staub and Jezler did show the albumin- 


globulin ratio below normal but only one-third showed a ratio of less than one. 
The recent investigations of Magath" and Kirk'* support the view that the 


shift in the albumin-globulin ratio is in large measure responsible for the positive 
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reaction obtained. Magath found such a shift in 12 out of 21 eases with a posi 


tive Takata-Ara reaction. Kirk obtained positive Takata-Ara reactions in 15 
out of 18 eases showing altered ratio. The latter goes further and agrees wit! 
Jezler® and Lazzaro™ that there is a definite relationship between the positiv: 
Takata-Ara and an inerease in the globulin fraction. He found that in only 


of his 22 cases with a positive reaction was the globulin fraction less than 3, an: 


that of 20 sera in which the globulin was 8 or over only one gave a negativ: 
Takata-Ara reaction. 

Some investigators have presented evidence which casts some doubt on thi 
existence of a parallelism between the Takata-Ara reaction and the altere 
albumin-globulin ratio. In 2 of Magath’s cases, despite the reversal of the albu 
min-globulin ratio, the reaction was negative. Lazzaro also occasionally obtained 
a negative Takata-Ara reaction with a low ratio. Skouge'* found this to be tr 
even more often. Schindel and Barth,’® in only 7 of 21 positive sera, obtained 
albumin-globulin ratios of less than 1. Fulde'® feels that there is no parallel 
between the result of the reaction and the degree of inerease in globulin and 
suggests that the shift in the albumin-globulin is only one of the factors 1 
sponsible for a positive Takata-Ara reaction. 

Abrami and Robert-Wallich frequently found a decrease in the value oi 
the total protein in Takata-positive sera. However, Schindel and Barth failed 
to find a relationship between the Takata-Ara reaction and the total serum pro 
tein. Hugonot and Sohier'? maintain that a positive Takata alone is not as in 
dicative of liver damage as when associated with a diminution in the total serun 
protein. Staub and Jezler deny this contention, and Fiessinger and Gothic 
failed to observe either constant or significant alterations in the serum protein it 
dogs following Eck fistulas or hepatectomy. 

In an effort to determine the influence of proteinemia on the Takata-Ara 
reaction, Staub and Jezler performed several experimental studies. They 
deavored to bring about a positive reaction in people with healthy livers 
means of a diet rich in protein. Five subjects were fed a breakfast containing 
70 to 100 grams of protein. Four hours later the blood was examined with 
negative results. They also attempted to reverse positive Takata reactions 
feeding abundant carbohydrates. However, it appears questionable whet 
a diet containing such quantities of protein would be adequate to effect any 
appreciable change in the total protein of the serum of normal individuals 
Magath states that there is no evidence to indieate that changes in the total 
protein can be correlated with the Takata-Ara reaction. He suggests that th 
fibrinogen content of the serum may influence the reaction, thus accounting for 
Takata’s positive results in cases of pneumonia. 

The suggestion that low fatty acids are responsible for the Takata-Ara 1 
tion has been under investigation. This work was initiated by the findings ot 
Kallés-Deffner."” In 1933, working with rabbits, she demonstrated that during 
starvation, or when the animals were kept ina rarefied atmosphere for a long time, 
large quantities of acetone and B-hydroxybutyrice acid appeared in the blood 
Her further studies showed that while this ketonemia was present the Tak«ata 
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\ra reaction was positive and that with its disappearance the reaction became 
negative. Schindel®’ found that the addition of low fatty acids to Takata- 
negative sera rendered the reactions positive and expressed the belief that posi- 
tive reactions were dependent upon the presence in the blood of such fatty 
acids, occurring as intermediate products of metabolism in liver disease. Ucko,?! 
and Takata®* himself do not subseribe to this view. The former feels that the 
flocculation following the addition of low fatty acids is merely due to acidification 
and disturbance of the mercury salts. Staub and Jezler also rejeet Schindel’s 
contention. They determined the ketone bodies in the blood of many diabetics 
with marked ketonuria and compared their findings with the results of the 
Takata-Ara reaction. They could not find the slightest relationship between 
the two. The fact that cases in diabetic coma never gave a positive reaction was 
to them further strong evidence against the fatty acid theory. 

Zirm,?* Medvei and Paschkis,** and Ragins®’ have found that the addition 
of heparin to Takata-positive sera rendered them negative. This would seem 
to indieate that this product of the healthy liver inhibits the flocculation and is 
present in inadequate amounts when the liver is diseased. On the other hand, 
the experiments of Jiirgens®?® may be taken as contrary evidence. He found that 
extirpation of the liver in geese did not produce positive Takata-Ara reactions, 


n though all evidences of fatal liver insufficiency developed. Furthermore, 


n evaluating any experimental work involving the use of heparin, the faet 

stressed by Fuehs?? should be borne in mind. He called attention to the im- 

purity of the available heparin preparations and cautioned against drawing false 

conclusions from the results obtained with them. To date, insufficient work 

has been done to substantiate the claim that heparin is an important factor in 
mechanism of the Takata-Ara reaction. 

The recent work of Oefelein®* opened a new line of investigation into the 
mechanism of the Takata-Ara reaction. Knigge,*’ and Roéhrs and Kohl-Egger*’ 
had claimed that the important factor in the reaction was the hydrogen ion 
concentration and the salt content of the serum. Their results showed that 
the flocculation was less likely to occur when the medium tested was strongly 
acid, and that, when the alkaline content was high, flocculation was more pro- 
nounced. It had also been shown that the addition of a small amount of am- 
monium sulfate to the Takata-Ara reagent always produced a white precipitate. 
Accepting these findings and the contention of von Sehroeder®' and Thann- 
hauser®* that the liver forms urea from the ammonia in the circulating blood, 
Ocfelein coneluded that the amount of ammonia ion present in the blood serum 

ld be a measure of the ability of the liver to form urea, the higher the am- 
monia level the poorer this function. Therefore, apparently with the following 
in mind: first, that the Takata-Ara reaction is a test of liver function; second, 

the ammonia level in the blood is an index of one of the functions of the 

r; and third, that the Takata-Ara reaction is determined by the presence of 

immonia ion, Oefelein studied the ammonia level in the blood serum and its 
relation to the Takata-Ara reaction. 

Using the Folin-Denis*® method of determining preformed ammonia, but 


emploving blood serum instead of whole blood, he found that in all cases with a 
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positive Takata-Ara reaction the ammonia level was greatly increased. He ob 
tained ammonia values of 1.02 to 2.4 mg. per cent where the reaction was dis 
tinetly positive; 0.76 to 0.85 mg. per cent in cases with a mildly positive reaction 
and 0.2 to 0.58 mg. per cent in all eases in which the reaction was negative. Hy: 
concluded that there was a definite parallelism between the degree of positivity 
of the Takata-Ara reaction and the level of the ammonia in the blood serum 
Impressed by these striking findings, we set out to determine the ammonia con 


tent of the blood serum and the Takata-Ara reaction in a series of cases. 
METHOD AND PROCEDURE 


Our first problem was to seleet the best available method of determining th: 
ammonia level in the blood. We made a careful study of the various methods 
appearing in the literature. This led to the observation that the procedure di 
scribed by Folin** in 19382 was the least complicated and the one used by most 
recent investigators. We chose this method for these reasons and also becausi 
it was similar to the one emploved by Oefelein in his work. After performing 
the test many times, we found that the substitution of titration for the color 
imetric determination originally deseribed gave results which to us appeared 
more accurate.* 

Our determinations were invariably started within one and one-half hours 
of the removal of the blood from the vein. Folin*® and others** ** eall attention 
to the fact that blood on standing rapidly decomposes with the formation of 
ammonia. Therefore any determination of ammonia in the blood, in order to by 
accurate, should be done within two or at most three hours. To exereise the 
greatest possible precaution against alteration of the blood ammonia following 
venepuncture, we used the method of collecting specimens deseribed by Atehley, 
Loeb, and others,** which they employed for the purpose of assuring minimal 
changes of the pH level in blood serum. The blood was drawn from a cubital 
vein into a syringe well lubricated with mineral oil and delivered under a two- 
inch column of oil into a centrifuge tube. This was allowed to stand for exact} 
one hour, after which the clot was separated with a glass rod and the tube 
centrifuged. The serum was then drawn off from beneath the mineral oil column 
and determinations of the ammonia content of the serum and the Takata-Ara 
reaction were immediately begun. The method of performing the Takata-Ara 
test and the manner of interpreting the results were the same as those deseribed 
in an earlier communication.*” 

The material upon which this report is based is to a large extent drawn 
from our series in which the clinical significance of the Takata-Ara reaction was 
studied. This consisted of sera from a large variety of cases. Some of the cases 
had outspoken cirrhosis of the liver, others had various types of parenchymatous 
liver disease, and a third group had no obvious involvement of the liver. We 


*Oefelein employed the method devised by Folin and Denis®* with the modifications 0! 
Thierfelder as described in Hoppe-Seyler and Thierfelder’s Handb. physiol. u. path. 
analyse (ed. 9, Berlin, 1934, Julius Springer). We also used methyl red as indicator. Since: 
quantities of ammonia were so small, we found it preferable to use a weaker acid in tl 
ceiving bottle and therefore substituted 0.01 normal sulphuric acid for the 0.1 normal d 
During the process of aerating the serum, a great deal of foaming occurred which could Dé 
checked by the addition of a few drops of amyl alcohol. 
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could, therefore, reasonably anticipate Takata-Ara_ reactions ranging from 


strongly positive to negative. The entire series numbered 56 cases. 
RESULTS 


In order to present the results most clearly, we have in Table II divided 
our eases into four groups according to the degree of positivity of the Takata- 
Ara reaction. In each case we have listed the ammonia content of the blood 
serum. It will be noted that the ammonia level ranged from 0.136 to 0.442 mg. 
per cent in the eases giving a strongly positive reaction; from 0.170 to 0.680 me. 
per cent in those with a positive reaction; and from 0.170 to 0.849 mg. per cent 
in those giving a weak positive reaction. In the group which showed a negative 
Takata-Ara reaction, the ammonia level varied from 0.034 to 0.786 mg. per cent. 

In a small group, 28 cases, we also studied the relationship of the Takata- 
Ara reaction to the total proteins and serum albumin and globulin. The results 


of this study are shown in Table ITT. 
COMMENTS 


It ean readily be seen from Table IT that our tests failed to show any re- 
lationship between the level of the ammonia in the blood serum and the degree 
of positivity of the Takata-Ara reaction. As a matter of fact, some of the high- 
est ammonia figures we obtained were in the group which gave negative reactions. 
Our findings, therefore, fail to substantiate the claims made by Oefelein. Fur- 
thermore, it should be noted that our highest figures are considerably lower 
than the high readings obtained by this author. 

Staub and Jezler criticize Oefelein’s assumption that the ammonia radical 
plays an important role in the production of a positive Takata-Ara reaction. 
They point out the facet that the phenomenon observed when ammonium sulfate 
is added to Takata-Ara reagent is a precipitation and not a true colloidal floc- 
culation, and henee the result cannot be interpreted as a positive Takata-Ara 
reaction. In addition, Oefelein’s assumption that the ammonia level in the 
blood is an index of the degree of liver insufficiency is open to question. Al- 


though it is known that the liver forms urea from ammonia,*’ it does not follow 
that an elevated ammonia level in the blood necessarily points to a deficiency 
in liver funetion, since the formation of ammonia is apparently also a property 
of organs other than the liver,t! and since ammonia is also absorbed in ap- 
preciable amounts from the intestine.*? Another point which may be raised in 
evaluating Oefelein’s work is the high ammonia figures reported by him. It is 
known that ‘‘the toxie properties of ammonia preclude the possibility of its 
existence in appreciable amounts in the circulating blood.’ ** 

Although we were aware of the possible objections to Oefelein’s line of 
reasoning on physiologic grounds, we felt that these did not invalidate his ex- 
perimental findings which so definitely pointed to an elevated ammonia level as 
a primary factor in the production of a positive Takata-Ara reaction. 

It will he seen from Table III that in 13 of our 16 cases, where the reaction 
(We re- 


positive, there was an alteration in the albumin-globulin ratio. 
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TABLE III 


RELATIONSHIP OF THE TAKATA-ARA REACTION TO THE SEKUM PROTEINS 


ALBUMIN 


CASI rAKATA-ARA TOTAT ; , 
ALBUMIN GLOBULIN GLOBULIN 

NO. REACTION PROTEIN vats 
RATIO 

Strong positive 391 1.08 2.83 0.38 
7 Strong positive 2.89 2.81 3.04 0.92 
10 Strong positive ooo » 44 278 8S 
20 Strong positive 3.20 2.95 2.29 131 
71 Strong positive 6.25 9 4 3.91 O50 
7 Strong positive £9 2.21 2.48 O89 
17 Positive G.25 ee | 2.44 1.28 
61 Positive 8.51 1.32 t.1%) 1.03 
O7 Positive 3.40 16 1.50 1.36 
6S Positive 1.69 2.32 et | OSS 
70 Positive 7.20 $01 19 1.26 
42 Positive 1.46 L.S7 2.59 0.42 
74 Positive $46 L.S7 2.39 0.72 
1 Weak positive 6.25 3.12 BB 1.00 
37 Weak positive 6.05 3.41 2.64 1.29 
0) Weak positive 6.86 $02 =.S+ 1.41 
2 Negative £69 2.94 1.73 1.68 
10) Negative 6.25 3.30 2.95 OS 
21 Negative §.25 20) 9 OF 13a 
Negative D809 3.50 2 de) 1.29 

29 Negative D.S6 2.8] ().) 0.02 
io Negative D.07 2.74 res © Laz 
9 Negative 5.51 2.8] 2.70 1.04 
62 Negative 3.22 5.12 2.10 1.48 
63 Negative b.6S8 2.68 2.00 1.34 
ti4 Negative H.90 3.40 2 SO 134 
65 Negative 6.25 3.13 3.12 1.00 
7) Negative ota 1.27 1.48 O.8) 

garded 1.8 as the lowest normal relationship of albumin to globulin. In just 


90 per cent of our positive cases was the ratio below 1. These findings are in 


agreement with those reported by other investigators. However, it must be 


pointed out that in 7 of the 12 negative reactions there was also an altered 
ratio, 25 per cent of these negative cases showing a ratio of below 1. In only 


9 of the 16 positive cases was the globulin figure above 3. The 11 cases with 
positive Takata-Ara reactions in whieh the globulin was below 38 constitute a 
much larger percentage than that obtained by Kirk. Furthermore, in 2 of the 
12 eases with negative reactions the elobulin figure was above 3. Skouge, in a 
large group of noncirrhoties with extremely high globulin figures, obtained nega- 


Takata-Ara reactions. 
CONCLUSIONS 


1. There is no relation between the ammonia content of blood serum and the 
1 ta-Ara reaction. 

2. In most cases with a positive Takata-Ara reaction there is an alteration 
0! the albumin-globulin ratio. 

3. The altered albumin-globulin ratio, although not the sole factor, is prob- 
abiy the most important one in the mechanism of the Takata-Ara reaction. 


We wish to express our gratitude to Dr. I. W. Held, at whose instance this study was un- 
de en. His interest and suggestions were of invaluable aid 
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ACTIVE IMMUNIZATION AGAINST TETANUS BY MEANS OF 
TETANUS TOXOLD ALUM-PRECIPITATED REFINED 


» 


HERMAN Gop, M.D., CHESTER, PA. 


eg and Etris,’: * Jones and Moss,* Gold,* ° Hall, MeBryde,* and Cowles* 
have demonstrated that the injection into human beings of two doses of 
alum-precipitated tetanus toxoid is followed by the appearance in the blood of 
appreciable quantities of tetanus antitoxin. It has also been established that 
these injections can be given with safety and without the development of un- 
pleasant reactions. The amount of tetanus antitoxin produced, and its per- 
sistence in the blood appear to be very variable. These two factors are not de- 
pendent upon race, sex, or age, but seem to be related to the individual constitu- 
tion and the state of health of the host at the time of antigenie stimulation. 
An analysis of the published data reveals several important questions which 
must be answered before active immunization against tetanus can be recom- 
mended as a routine procedure. 1. What is the minimum titer of tetanus anti- 
toxin that will protect an actively immunized individual against infection with 
Cl. tetanti? 2. What is the optimum dose of toxoid to be injected? 38. What in- 


terval of time should elapse between the two injections to obtain the best antitoxin 
reponse? 4. How soon after the course of immunization is completed does im- 
munity develop? 5. How long does active immunity last? 6. If such an im- 
munity is lost, how soon can the antitoxin titer be restored to a protective 
level following the injection of a third or subsequent doses of alum toxoid? 
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In reference to the first question, two avenues of experimental approac! 
| | 
protection tests in actively immunized laboratory animals, and (2 


exist: (1 
studies of antitoxin titers in passively immunized human beings.  <Althoug! 
Sneath and his associates” submit that an actively induced resistance to infection 
by Cl. tetani as shown in guinea pigs is the most convincing criterion possibl 
of attainment in the laboratory, one must always keep in mind the possibilit) 
that such findings are not directly transferable to man. Moreover, althoug! 
the infective experimental dose is determinable, the amount of free toxin pro 
dueed by the spores in the wound and responsible for the elinieal picture o| 
tetanus, is a variable factor beyond control. 

Jones and Jamieson'® found that guinea pigs that had received one o1 
more injections of tetanus alum-precipitated toxoid and were injected withi 
two months, were protected against a massive dose of tetanus spores whic! 
killed normal pigs in from eighty-eight to one hundred and twelve hours. Wit! 
the infeetive dose used, these workers found that it required from two to thre 
units of antitoxin per cubie centimeter of blood in the immunized pig to 
neutralize the toxin produced from the infection. In this regard, it is interest 
ing to note that though some of the guinea pigs had as high as four units of 
antitoxin, they developed localized tetanus from which, however, they com 
pletely reeovered. These workers also found that a massive dose of tetanus 
spores did not markedly accelerate the production of antitoxin in guinea pigs 
that had been previously immunized with alum tetanus toxoid. This observ: 
tion destroys the hope entertained by some’ concerning the possible acceleratin 
effect to be exerted upon the antitoxin level of the blood of an immunized perso! 
by tetanus spores if present in a wound of such a subject. 

Sneath, Kerslake, and Seruby’ injected various dilutions of spore sus 
pensions mixed with equal volumes of 50 per cent calcium chloride intramuscu 
larly into normal animals in doses of 0.1 ¢.e. They found that more uniform 


results may be expected when the spore distribution in the test dose is of 1 


order shown by dilution 10°''.) The computable number of spores, varving fr 
3 to 50 per dose, when combined with ecaleium chloride, indueed tetanus and 
killed unprotected guinea pigs without an experimental constant interval of 
forty-eight to seventy-two hours. Upon the injection of this lethal spore dose int 
a group of 55 guinea pigs actively immunized by means of tetanus toxoid, 1 
found that 80 per cent of the animals were completely protected, 11 per cent 


were partially protected, and 9 per cent died of tetanus. In a similar group otf 


guinea pigs that received 1500 units of antitoxin intraperitoneally, immediatel 
after injection of the lethal spore dose, 24 per cent were completely protected 
38 per cent were partially protected, and 38 per cent died of tetanus. From 
their studies on the aetively immunized group, it would appear that in the 
guinea pig, the level of 0.01 unit of tetanus antitoxin per ecubie centimeter of 
serum is a eritieal level in tetanus immunization, Above that level, in 4 
animals 13 per cent showed signs of tetanus, from which they recovered, wiile 


the remaining 87 per cent were completely protected. Sneath and his co-worlers 


could not explain why three animals, showing less than 0.01 unit, were ©o! 
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letely protected, while seven showing antitoxin in excess of that level (two 

ving more than 0.1 unit) were only partially protected. They feel that in 
iew of these discrepancies, it may be reasonable to suggest the possibility that 
antitoxin per se is not the sole faetor influencing protection against the lethal 
spore dose. They conclude that since infection with Cl. tetani is a localized 

ocess, it is probable that such an antitoxie level (0.01 unit) as will prevent the 
manifestations of tetanus in guinea pigs would also be sufficient to prevent the 
disease in man. The incidence of localized tetanus in 13 per cent of the im- 
munized animals is, however, worthy of emphasis, since in the human being, one 
must strive for complete protection in all cases. 

(Cowles* carried out a similar type of experiment on aetively immunized 
ruinea pigs and mice. Upon injection of 100,000 tetanus spores and 10 me. of 
calcium ehloride contained in a 0.2 ¢.¢. volume, into a group of 27 immunized 
ivs, he found them completely protected against the disease during a three 
months’ follow up period, while 26 out of the 28 controls died in less than 
forty-six hours with tetanus. Before injection, 1 animal had less than 0.2 unit 
of antitoxin, 24 had 0.20 to 1 unit, and 2 had more than 1 unit. A second group 
of immunized animals was similarly treated, except that the infective dose con 

ned 25,000 tetanus spores. In this group, Cowles encountered the same ap- 
parent inconsisteney noticed by Sneath in his experiments. Two pigs that had 
0.10 unit of antitoxin per cubie centimeter and a third animal that showed 
l unit per eubie centimeter died of tetanus in from six to eleven days, while 
2? animals that had 0.05 unit and 1 guinea pig that had 0.02 unit were completely 
protected against the disease. Ina group of 8 mice, whose antitoxin titer ranged 
between less than 0.05 to more than 0.05 unit of antitoxin per cubie centimeter, 
5 died of tetanus in from three to seven days, 2 were paralyzed but survived, 
and 1 was completely protected when injected with 5,000 tetanus spores and 5 
me. of ealeium chloride in a 0.1 ¢.e. volume, The controls were all dead in 
forty-eight hours. A group of mice showing 0.10 unit or more were completely 
protected against an infection of 100,000 spores. From his animal experimenta- 
Cowles concludes that although it is probably impractical to define the 
minimum titer which will assuredly protect against tetanus, antitoxin values 
of 0.10 or 0.20 unit per cubie centimeter of serum can give a fairly certain 
ction in immunized guinea pigs and mice at the time of infection. He feels 
hough 0.10 unit is not sufficiently great to protect all animals against a 
maximum infection, it is probably much larger than is necessary to care for 
mi infections resulting from wounds judged to be too slight for surgical 
attention, and probably large enough to eare for the majority of injuries which 
receive surgical treatment, He asserts that pending the acquisition of more 
information, conservative opinion may demand the maintenance of such a titer 
in cases where much reliance is to be placed on the immunity. 

Bergey and Etris’* have suggested drawing an inconclusive analogy with 
di eria, that 0.01 unit may be satisfactory for protection. In a later publiea- 
tion’ the same authors maintain that 0.01 unit is ‘‘the least amount of anti- 


toxill necessary for protection and is based on the finding in the serum of 
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the person who showed least response to the antigenie effect of the toxoid one 
vear after the second dose. This individual had 0.01 of a unit of tetanus 
antitoxin.’’ This finding cannot, however, be accepted as indicating the pro- 
tection level against infection. 

Our studies on passive immunization confirm Cowles’ experimental findings. 
Prophylactic passive immunization with 1500 units of tetanus antitoxin has 
een suecessfully used to prevent loekjaw following injuries in both war and 
civil life. Titrations following the injection of such a prophylactic dose* reveal 
he presence of 0.1 to 0.25 units of antitoxin per cubie centimeter of blood serum. 
Hence, to be of value, active immunization must at least produce 0.1 unit of 
antitoxin per cubie centimeter. This minimal protective value does not appear 
to us to be too high, sinee we have on several occasions encountered control 
values of more than 0.01 unit of antitoxin in persons who were never im- 

inized passively or actively, and who would consequently be considered sus- 
ceptible to tetanus. Until direct proof exists that a lower antitoxin level is 
sufficient to prevent tetanus, one must insist on the presence of 0.1 unit of 
antitoxin per cubic centimeter of blood serum in order to consider an actively 
immunized person protected against this disease, 

From our experience with human beings, we feel that a 1 ¢.c¢. dose of 
tetanus toxoid is more effective than smaller quantities of this antigen. We 
have also found* that when the two doses are given close together (one month 
or less), the antitoxin titer that follows is not as high as when they are injected 

an interval of ninety days. Bergey and Etris'® had a similar experience. 
MeBryde® injected the two doses seventy-three days apart. Hall® allowed six 
weeks to elapse between the two injections. Jones and Moss* administered the 
two doses four weeks apart. Cowles* allowed an interval of eleven weeks between 
the two doses. 


In most individuals the first injection of toxoid serves to prepare the host 
so that after a suitable interval of time, the administration of the second dose 
s followed by a rather prompt appearance in the blood of an increased amount 
of tetanus antitoxin. We have stated that this interval should preferably be 
three months. Actually, how long ean this interval be? 

Mifty adult workers (group A) were immunized with two 0.5 ¢.c. doses of 
Mulford tetanus toxoid alum-precipitated refined lot No. 76812-1, given six 
hundred and forty-five days apart. Six weeks after a single injection of 0.2 ¢.c., 
1.0 ce., and 2.0 ¢.¢. of this toxoid was given to three groups of guinea pigs, 
respectively, their blood serums were tested according to the standard pro- 
e e of the National Institute of Health. The pooled serums of the 0.2 ¢.c. 
group showed 5 units of antitoxin, The 1 ¢.c. group showed 2 units, while the 
g a pigs injected with 2 ¢.c. of this antigen had an antitoxin content of 3 
units. These tests should not be interpreted as indicating that the smaller 
amount of tetanus toxoid constitutes an optimum dose. 

(he follow-up results on 11 members of this group A are given in Table I. 
Vase 6614 is interesting because his control titer was greater than 0.01 unit per 


‘ube centimeter. He had never been passively immunized, and the values ob- 
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tained were checked repeatedly. The same titer was found in this case atter 

the first injection of toxoid, but it went up in the expeeted fashion after the 

second dose. We have encountered a few persons who behaved in a similar man 
ner. This would indicate that, although they had a certain amount of antitoxin 
in the blood, they were not in a ‘‘sensitized”’ state. 

This group revealed the same individual variability in the amount of anti- 
toxin produeed and lost in the course of aetive immunization as other groups 
reported by us. Two subjects dropped below 0.1 unit when tested ninety days 
fter the second dose. Four individuals dropped below this level six months 
after the seeond dose, while two subjects maintained it for a little over nine 
months. Case 6611 showed 2.0 units of antitoxin when tested six hundred and 
seventy-nine days after the second dose. Case 6617 had 0.1 unit six hundred and 
eighty-seven days after the second injection. 

Another group of 11 adults (group B, Table Il) received the same treat- 
ment as group A, but the second dose was given seven hundred and_ thirty 
days after the first injection. In this series, we attempted to determine the 
rapidity of development of the protective titer of 0.1 unit, as well as its dura- 
tion following the injection of the second dose of tetanus toxoid. 

Seven subjects tested on the third day after the seeond dose showed —0.1 
Two persons tested on the fifth day also showed —0.1 unit. One of these 
en retested two days later showed »0.10 but —0.25 unit. Of three cases tested 

on the sixth day, two were found to be below the protective titer, while the 

third one had 0.25 unit. Two subjects still had —0.10 unit when tested on the 
seventh and ninth days, respectively, The antitoxin titer of the entire group 
went up during the second week after the administration of the second dose 
of toxoid, so that by the fourteenth day they all showed 40.25 unit. Two sub- 
jects dropped below the protective level of 0.10 unit three and and six months 


atte) 
a 


the second dose, respectively. There was a gradual loss of antitoxin in 
the remainder of the group but all, with the exception of Case 6683, still showed 
0.10 when tested nineteen months after the second injection of toxoid. 

In view of these findings it is apparent that individuals undergoing active 


Wy 


nization against tetanus must be protected by the administration of a 
prophylactic dose of serum if injured during the interval of time that elapses 
between the injection of the two doses of toxoid, and for a week or two following 


econd dose, when the protective antitoxie immunity has not as vel fully 
(it eloped. 


In reference to the effect of the ‘‘injection de rappel’’ of the Freneh, 


Bergey and Etris'! administered a third dose of 1 ¢.c. of alum toxoid to 3 
persons, two vears after the second injection. Thirty days later, the content 
01 titoxin in their serums was 2.0, 2.0, and 1.5 units per cubie centimeter, 
respectively. The authors felt that the antitoxin content of these patients’ 
blood had been raised to a point where they were protected for another period 


of » or three vears. 
ilall® administered a third dose of alum toxoid to a group of 13 adults 
Se and one-half months after the second injection. There was no change 


ir titer when tested two days after the repeat injection, but when tested 
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again on the seventh day, there was noted a very marked rise in the antitoxin 
content of their blood, reaching from 1 to 25 to 50 units. From an average 
control titer of 0.032 unit, there was an increase to an average titer of 9.6 
units of tetanus antitoxin. 

Cowles® administered a third dose of alum toxoid to 10 subjects, thirty-nine 
weeks after the second injection, No increase in titer was noted until the fourth 
day after the repeat injection, when 1 out of 6 subjects tested showed 0.1 unit. 
On the fifth day, 4 subjeets had +0.1 unit, while 3 still showed 0.05 unit or less. 
On the seventh day, 3 eases had 0.50 unit, 1 showed 5 units, and 1 still showed 
0.05 unit. The latter when tested twenty-four hours later showed a titer of 
0.20 unit. On the tenth day, 1 subject showed 0.50 unit while another one had 
10 units. The latter on follow-up tests revealed a decided drop in the antitoxin 
content of his blood, showing 5 units on the fortieth day and 2 units one hundred 
and forty days after the repeat injection. Cowles concluded that the response 
to a subsequent injection is not significant until the fourth or fifth day to pre- 
vent tetanus, but did not know whether or not this was soon enough. Although 
the influence of such a delayed rise in titer cannot be determined without further 
study, Cowles felt that upon injury, the repeat injection of toxoid should cer- 
tainly be made if antitoxin is to be withheld. 

Seven subjects (group C, Table IIIT), members of our groups A and B, 
received a third dose of tetanus alum-precipitated toxoid No. 5969-1, two hun- 
dred to three hundred and eight days after the second injection. This lot of 
toxoid was freshly prepared from a toxin containing over 20,000 M.L.D. The 
injection of 0.5 ¢.c. of this toxoid into a group of standard guinea pigs produced 
5.0 units of tetanus antitoxin per cubie centimeter of blood serum at the end 
of six weeks. Similar values were produced following the injection of 1.0 e.e. 
of this antigen. The eighth member of group C was injected with the aged 
toxoid No. 76812-1, used for the basic course of immunization. Their serums 
showed —0.1 unit before injection of the repeat dose. All but three subjects got 
0.5 ee. of the toxoid; the rest received 1.0 ¢.e. 

Case 6643, whose control titer was 0.01 unit, showed +0.01 —0.10 unit when 
tested four days after the third dose. On the seventh day, all patients but one 
showed 0.1 unit or more. The exception when tested again a week later showed 
0.25 unit. Case 6614 dropped to —0.10 unit when tested three months after 

e repeat injection. The rest still showed good protective values. Six months 
after the third dose another subjeet dropped below 0.1 unit. Three months later, 
third patient showed —0.1 unit. When tested one year after the repeat in- 
ection, over half of the members of the group had dropped below the minimum 
roteetive level of antitoxin. 

Upon comparison of the type of response obtained after the third dose of 
xoid with that obtained following the injection of the second dose, one finds 
at in four persons, the third dose was followed by a more prolonged mainte- 
ince of the protective titer. In two, the duration of the protection was identi- 

eal. As in the case of the second dose, the response following the injection of 
repeat dose of toxoid is variable and in some subjects may be short-lived. 


llence a false sense of security may result. A definite period of time elapses 
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before a protective titer develops following the repeat injection. In some cases, 
it may be longer than a week. The question naturally arises as to whether 
tetanus infection may not develop before the antitoxin titer has a chance to 
reach a protective level. Additional data should be collected before a definite 
conelusion can be reached on this point. Meanwhile, it is important to insist on 
conservative standards of protection. 

It may be that antitoxin per se is not the sole factor concerned in the process 
of immunity against tetanus. Both Sneath and Cowles present suggestive experi 
mental evidence in support of this view. In an addendum to his report, Cowles 
cites the case of a subject who had recovered from tetanus eight vears before the 
injection of 0.5 «ce, of alum toxoid, and who reacted to this first injection in 
the same manner as normal individuals do. This would indicate that the toxin 
concerned in the attack of tetanus had not, in this case, constituted an antigenic 
stimulus, since a state of ‘‘sensitization’’ did not result. 

Similarly Case 6645 of our group A had also recovered from tetanus in 
1923. Ten years later his antitoxin titer was found to be —0.008 unit. Ther 
was no appreciable increase in the antitoxin content of his blood following the 
first injection of alum toxoid, indicating that the tetanus infection from whicl 
he had recovered had not affected his immunity mechanism in the same fashion 
as the injection of the first dose of toxoid. The response of this subject to sub 
sequent injections of toxoid was similar to that of normal individuals. 

(‘ase 6648 received a fourth dose of alum toxoid (0.5 ¢.e.) two hundred and 
twelve days after the third injection, when the antitoxin content of his blood 
was found to be -0.01 —0.10 unit. Seven days later, his titer was +0.25 unit 
When tested again four months later, he showed 0.25 unit. One year afte! 
the injection of the fourth dose of toxoid, the antitoxin content of his blood was 
found to be 40.1 unit. 


COMMENT 


The most important question requiring further investigation is the dete) 
mination of the actual amount of antitoxin necessary to proteet an individua 
against tetanus. More experimental data and perhaps field work, possibly it 
war zones, rigidly controlled to satisfy statistical requirements are needed 
Around it hinge the limitations of active immunization against tetanus 
brought out by this study. At present active immunization may prove to |» 
of value in military service and in certain phases of civil life where injuri 
occur repeatedly. It will also prevent the occurrence of **delaved’’ or so-call 
‘‘ehronic tetanus.”’ 


CONCLUSIONS 


1. A protective antitoxin titer of 0.1 unit or more develops in five to fou 
teen days following the injection of a seeond dose of alum toxoid, even whe 
the latter is given two years after the first dose. 

2. The duration of the protective level of antitoxin varies a great de: 
It may disappear within ninety days after the second injection or it may |: 


over two years. 
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3. The antitoxin titer can be raised to a protective level by the injection 
of a third or subsequent doses of alum toxoid. 

4. From five to more than seven days elapse after the *‘repeat’’ injection of 
toxoid before there appears 0.1 unit of antitoxin in the blood of actively im- 
munized persons. 

®. The immunity that develops following the injection of a ‘‘repeat’’ dose 
of alum toxoid is also variable in duration. It may drop below 0.1 unit in three 
to six months after the third or subsequent injections. 

6. If an injury occurs during the interval of time that elapses before the 
hasie course of immunization is completed and within a few days after the 
second or subsequent injections of alum toxoid when the antitoxin level of the 
blood has not as vet reached 0.1 unit, it may be necessary to resort to passive 


immunization in order to insure full protection against tetanus. 


The antitoxin titrations reported in this paper were carried out at the Mulford Biological 

Laboratories Sharp and Dohme who kindly upplied me with the necessary material for im- 

unization I also wish to thank the Sackville Mills Co., Wallingford, Pa., for their coopera- 
tion in securing their personnel to serve a subjects for this investigation. 
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ELECTROCARDIOGRAPHIC CHANGES FOLLOWING THE 
INTRAVENOUS ADMINISTRATION OF MAGNESIUM SULFATE 


AN EXPERIMENTAL Stupy ON Docs* 


J. Roscor Miuuer, M.S., M.D., ano T. R. Van DELLEN, B.S., M.D., 


(C'HicaGco, Tub. 


HK present study was undertaken to determine the effect upon the condue 

tive system, as measured by the electrocardiogram, of disturbances in the 
chemical balance ordinarily maintained by the body. Alteration in the mag- 
nesium content constituted the first portion of this study. Sudden death fol- 
lowing the injection of a magnesium salt for treatment of epilepsy and other 
conditions is not an uncommon occurrence. The mechanism of such untoward 
results, however, has not been adequately deseribed. 

Jolvet and Cahours! showed that the intravenous injection of a solution of 
magnesium salts caused loss of motility of voluntary muscles, and Matthew Hay? 
demonstrated that respirations ceased following large doses, although the heart 
continued to beat slowly. Larger doses produced a sudden cardiae standstill 
during diastole. Matthews and Brooks,’ in a series of experiments on dogs, 
concluded that the action of magnesium sulfate upon the heart is essentially a 
depression of the cardiae nervous mechanism, resulting in loss of tone, but that 
it retains its irritability and that a sufficiently strong stimulus will result in 
contraction. 

Tedeseo* made observations of the effect of magnesium chloride upon the 
clectrocardiogram. He coneluded that it produced a positive chronotropic effect 
on the action of the heart, and that the speed of propagation of the stimulus 
from the auricle to the ventricle was appreciably diminished. He was unabl 
to draw conclusions concerning its effect upon the bundle of His, but was ot 
the opinion that magnesium had a stimulating effeet upon the eleetrieal eondi 
tion of the ventricles. 

Zwillinger® observed the effect in man of the intravenous and intracardiac 
injection of magnesium sulfate when arrhythmias were present. He eoneluded 
that it plays a réle in combating certain forms of paroxysmal tachveardia and 
extrasystoles. He was able to show experimentally that magnesium sulfate had 
a beneficial effect in combating digitalis intoxication. 


METHODS 
In all experiments the dog was placed on the left side. No anesthetic w: 


used. Electrodes were attached to the right front and left rear lees. thus 


corresponding to the standard second lead. Eleectrocardiograms were made « 
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Fig. 1 14, Dog 2. Normal graph, rate 75. B, Following the injection of 4 e@.c. of a 20 
per cent MgSO, solution. Note increase in rate (190). 

















Fig. 2. {, Dog 2. Continuation from Fig. 1. This graph was taken following injection 
22 c.c, of solution. Note increase in the amplitude of all complexes. tate 110. Respirations 
ve now ceased. P-R and QRS intervals increased 0.06 second. B, Two minutes later with 
ssation of activity. OC, Short resumption of activity after one minute, lasting only thirty 
‘onds. 
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a string galvanometer type machine. The magnesium salt was injected into 
the right saphenous vein. Electroeardiograms were made during injection and 


at varying intervals from two minutes to two days, as described hereafter. 


RESULTS 


Experiment 1.—Dog 1, weight 10 kg.; Dog 2, weight 13.1 kg. Following 
injection of 10 ¢.e, of 20 per cent magnesium sulfate solution, there was an accel- 
eration of rate from 75 to 90. This coincided with a marked though transient 
inerease In respiration. Otherwise the only other remarkable change was an 


inereased excursion of the T-wave. 


The solution was then injected at the rate of about 2 ¢e¢. per minute in 


Dog 1, and 1 ¢.c. per minute in Dog 2, and graphs taken at two-minute intervals. 





eee eee eee eee ass caess cocsescess: SSS S5 FOSS SORT SESS SSSes SESS 
SESSS OSS O46 FHS SS SESTS OSSSS SESS SSSSET HATE EESSSSSE SS SSS St 
see 











Fig. 3 1, Dog 3. Normal graph. B, Ten minutes after injection of “therapeutic dose 

MgSO, P-R interval prolonged 0.02 second. C, One hour later. Return to normal. 
The rate inereased markedly until in each instance 18 ¢.¢. had been injected 
Thereafter it fell slowly. At 28 ¢.e. respirations ceased, and the heart rate ha: 
fallen to 70. Two minutes later the heart suddenly stopped contracting. 

As the rate increased (Figs. 1 and 2) there was also an increase in 1! 
amplitude of all complexes with a prolongation of both auricular and ventricul: 
conduction time. After a short period of inactivity, the heart resumed a sinus 
rhythm, although there was marked distortion of the various complexes. | 
Dog 1, after a second period of complete inactivity, the heart was reinactivated 
following injection of calcium gluconate, and when cessation of activity aga 
occurred, artificial respiration was followed by a rhythm of ventricular orig 
which lasted for a short period. 
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) 


Eaperiment 2.— Dog 3, weight 9 kg. In this animal the effeet of an intra- 


venous Injection of magnesium sulfate, in dosage proportionate to the amount 
sometimes given therapeutically, was noted (22 mg. per ke.). Five minutes 
after administration, the rate had fallen from 100 to 80, the P-R interval was 
inereased (0.02 second), and the T-wave, originally negative, became more so by 
25 per cent. There was no other discernible difference. These changes were 
present ten minutes after injection but had entirely disappeared at the end of 
an hour (Fig, 3 

A graph made twenty-four hours later was identical with one made at ihe 


beginning of the experiment, 
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Fis | 1. Dog 3. Normal graph. This graph was taken twenty-four hours after those 
Fig. 3. BR, thirty-five minutes after injection of 9 cc. of a 20 per cent MgSO, solution in 
ided doses. Note increased amplitude of all complexes with prolongation of both auricular 
1 ventricular conduction time. ¢ Mighty-five minutes later Some effect still evident. 


Krperiment 3 was earried out essentially as Experiment 1, except after 
njection of 9 ¢.e., of 20 per cent solution of magnesium sulfate, at which point 
ronounced changes had occurred, the administration of the drug was stopped 
nd the dog allowed to recover. Inereased excursion of the P- and R-waves as 
vell as an inereased auriculoventricular conduction time persisted at the end 
if eighty-five minutes, indicating that in such doses the effect is not a transient 

me (Fig. 4). 
Experiment 4.—As magnesium sulfate had been used in the preceding pro- 
‘edures it was decided to use another salt of magnesium to determine whether 





the latter substance was solely responsible for the effects noted. 
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in an amount containing an 


Consequently magnesium chloride was given 


equivalent weight of magnesium as employed in the first experiment. The find 


ings were essentially the same as resulted from the use of the sulfate. 


CONCLUSIONS 


Electrocardiographie studies indicate that magnesium, when injeeted intra 
venously, has a definite effect upon the cardiae conductive system. 

This effect consists of an early acceleration, followed by a slowing with de 
lay in aurieuloventricular and ventricular conduction time and increased excur 
sion of all complexes. This effect may persist for more than an hour atter 
injection of the salt, but is not permanent. 

Respirations cease before cardiae activity stops. When the latter oceurs 
it does so suddenly with a preceding bradyveardia, but without any arrhythmia 
The heart may spontaneously begin to beat, even after complete eessation of 
activity, 
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THE INCIDENCE OF POSITIVE IMMUNOLOGIC REACTIONS FOR 
UNDULANT FEVER* 


Sruptes or 5.000 BLoop SERUM AND 491 SKIN Tests 
ISADORE GieRSH, M.D.. AND Epwarp R. MuGrace, M.D., DeNver, Coro. 


ITHIN the past ten vears the medical profession has become increasing] 

aware of undulant fever, a disease formerly considered as uncommon 0! 
rare. A larger number of acute cases of undulant fever are now being recog 
nized beeause physicians are considering the possibility of the elinieal entity in 
febrile conditions which are not otherwise explained by the physieal findings 

It is apparent, however, that few physicians realize the great importan 
and the high incidence of the chronic and ambulatory forms of the disease whic 
so often cause only vague aches and indefinite complaints. In the past, an 
even now, patients with these indefinite symptoms have often been dismiss 
with a presumptive diagnosis of ‘‘chronie fatigue’’ or ‘‘neurasthenia.”’ 

*From the Department of Clinical Pathology, University of Colorado School of Medici 


ind Hospitals, Denver. 
Received for publication, November 6, 1937. 
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The final diagnosis of undulant fever in both the acute and chronie forms 
depends on laboratory data and ineludes bacteriologie and immunologic tests. 
In the chronie form particularly, the symptoms and physical findings are so 
variable as to make very questionable a diagnosis on a purely clinical basis. 
Due to difficulty in isolating the causative organism in chronie eases, immu- 
nologie procedures, such as the agglutination test and the intradermal test, must 
be employed to make a definite diagnosis, 

Epidemiologic studies, based on laboratory procedures, have been under 
taken in various parts of the world to determine the ineidence of human brucella 
infections. The results have been astounding because of the large number of 
eases, particularly of the chronie type, which have been discovered. The litera- 
ture on undulant fever is voluminous and references will be found in many 
of the articles on the subject. 

This report covers work which has been carried out to determine the in- 
cidence of positive immunologie evidences of undulant fever in unselected pa- 
tients admitted to a general hospital and its out-patient department. 

In this study 5,000 consecutive specimens of blood submitted for the Wasser- 
mann test by the hospital and its out-patient department were examined for 


brueella agglutinins by the macroscopie tube method. The antigen used for 





the agglutination test was made from a strain of Br. melitensis var. abortus, 
recovered from a human case of acute undulant fever. The organisms were 
grown on a 2 per cent nutrient agar medium for forty-eight hours, and then 
suspended in normal saline solution containing 0.5 per cent phenol. The 
suspension was kept in the icebox for forty-eight hours and at the end of this 
time proved to be sterile. This was diluted to a turbidity of 300 (silica stand- 
ard) with 0.5 per cent phenolized normal saline solution. For the test the 
serum was placed in small test tubes and antigen was added to make two final 
dilutions of the serum: 1:25 and 1:100. The tubes were incubated in a water 
hath at 54° C. for four hours, then placed in the icebox overnight and observed 
the following morning. They were returned to the icebox for twenty-four hours 
longer and the readings made again. 

Of the 5,000 blood serums examined routinely, 51 showed an agglutina- 
tion titer of 1:25 and 9 had a positive agglutination reaction in both the 1:25 
nd 1:100 dilutions. In all, 60 patients had positive agglutination reactions. 
ollow-up studies revealed that in 39 of this group on whom positive reactions 

id been obtained, 24 (62 per cent) were then living on farms. Thirty-one 
79 per cent) of the 39 stated that they had drunk mostly raw milk in the 
ist two years, while only eight (21 per cent) drank little or no raw milk 
luring this time. 
In this series of 5,000 blood serums, 1,900 (38 per cent) were from men 
nd 3,100 (62 per cent) were from women. Of the 60 positive serums, 21 
35 per cent) were from men and 39 (65 per cent) were from women. This 
akes an almost equal incidence of positive agglutination reactions among the 
men and women of this series. 


At the time the agglutination tests were being earried out, intradermal 





tests were also done on the hospital patients (except those seriously ill and 
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infants less than six months of age). A definite majority of these hospital 
patients had been living on farms or in farming districts. 

The antigen used for the intradermal tests was the same as that for the 
agglutination tests, except that it was diluted ten times with sterile saline 
solution containing 0.5 per cent phenol, then heated in a water bath at 60° © 
for one hour, and tested for sterility, One-tenth ceubie centimeter of this 
antigen was injected intradermally in the ventral surface of the forearm of 
the patients. 

Local reactions, which occurred during the first twenty-four hours atter 
Injection, were disregarded. Mild eeneral reactions oecurred in some of the 
patients in twenty-four to thirty hours. These later showed positive intradermal! 
reactions. In the positive reactors there developed at the site of the injection, 
in about forty-eight hours, a tender edematous area with central induration, 
varving from 1 to 2 em. in diameter, and a peripheral zone of erythema, 
varying from 2 to 8 em. in diameter, depending on the severity of the reac 
tion. Erythema alone, without induration, was regarded as a negative reaction. 
Table I shows the basis for grading the reactions, which was the diameter of 


the area 


if induration and of erythema. 


GRADI | prs ) j ‘ { \ 
} IN RATION 
\C 0 M. 
i'\i 
Nega Ve () () 
l ) ] ‘ 
] yo to re hou 1 ion 
t } ro more, with ulee lor 
n seven to ten davs 


In some of the more severe reactions there were reddish streaks extend 
ing a short distance up the forearm, suggestive of a lIymphangitis. The 1 
action was usually at its height in from seventy-two to ninety-six hours, and 
eradually subsided during a period of a few weeks to three months. In some 
of the more severe reactions, at the end of a week to ten days, the central are: 
softened and then ulcerated with the discharge of thick leucoeyvtie materia 


whieh did not show bacteria in either smears or cultures. 


E Il 
tI LTS OF INTRADERMAL TES oN 491 Hos | i 
NUMBER OF TESTS NUMBER OF POSITIVI PERCENTAGI 
HOSPITAL WARD 
DONT REACTORS POSITIVE REA 
Men’s Medicine Oy) 18 2.0) 
Men’s Surgery Ss) 7 S.4 
Total Men 73 25 144 
Women’s Medicine 7S 1] 14.1 
Women’s Surgery GQ] ) ag 
Obstet rieal S7 12 13.8 
Total Women P56 ato) 15 
Children’s 62 ° LS 


Grand Total 19] 60 12.2 
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Table IL shows the results of 491 intradermal tests made on patients in 
the different hospital wards. The patients in the men’s medical ward yielded 
the highest per cent of positive intradermal reactions, while the lowest per 
cent occurred among the pediatrie patients. 

A positive agglutination reaction for undulant fever is generally con- 
sidered as indicating either present or past infection with brucella organisms. 
The intradermal reaction is believed to have the same significance, but it often 
is present in the absence of an agglutination reaction. In this series, no patients 
were found who gave a positive agglutination reaction and a negative intra- 
dermal reaction. However, many patients with a negative agglutination reaction 
vave a positive intradermal reaction. The intradermal test vielded a much 
higher per cent of positive reactions (12.2) than did the agglutination test (1.2). 

Authorities are well agreed that the ingestion of raw milk is a common 
souree of undulant fever. It is interesting to note that of the 60 patients who 
had positive skin reactions, 55 (91.7 per cent) gave a history of drinking 
mostly raw cow’s milk; one (1.7 per cent) drank raw goat’s milk; two (3.3 
per cent) stated that they drank only pasteurized milk; and two (3.3 per cent) 
consumed only eanned milk during the past two years. Of the 39 patients 
showing positive agglutination reactions, on whom a milk history was obtained, 
31 (72 per cent) drank mostly raw milk during the past two years. It is ap- 
parent from these figures that there seems to be a definite direct relationship 
etween the use of raw milk and the occurrence of positive agglutination and 


skin reactions for undulant fever, 
CONCLUSIONS 


Five thousand samples of blood have been examined and 491 intradermal 
ests have been carried out to determine the incidence of positive immunologic 
eactions for undulant fever. 

Sixty (1.2 per cent) of the 5,000 blood samples yielded positive agglutina- 
on reactions. Sixty (12.2 per cent) of 491 patients showed positive intradermal 
actions. 

The ineidence of positive immunologic reactions is approximately the same 
the men and women in this series. 

Patients on the men’s medical ward showed the highest incidence of positive 
tradermal reactions, while the children in this series had the lowest. 

There seems to be a direct relationship between the occurrence of positive 
munologie reactions and the ingestion of raw milk. 

Brucella infections appear to be relatively common, as evidenced by immuno- 
ri¢ tests earried out on patients admitted to a general hospital and its out- 
tient department. 

















THE CLINICAL UTILIZATION OF BLOOD STUDIES* 


Ropert A. Kinpurrr, M.D., ArLantic Crry, N. J. 


T IS common knowledge that the practice of medicine is not a fixed but a 
ehanging art. The concepts of today are so continually modified by the 
studies of tomorrow that the theories of today are sometimes the facts of 
tomorrow, just as the facts of yesterday may become the archaisms of today. 
It is this continual realignment of facets, together with the equally constant 
readjustment of fact and theory, which forces the conscientious physician to 
continued study. 

Perhaps among the more startling, and at times even disconcerting, phases 
of early days in practice is an appreciation of the dearth of the typical text 
book case. In contrast to the clear-cut, definite entities of the lecture hall and 
clinie, one seems to see rather diagnostic problems bristling with complexities, 
each of which constitutes in essence an examination of one’s knowledge in its 
entirety. These experiences, if utilized and digested, lead inevitably to the 
realization that the physician must acquire and develop an investigative view 
point. It is not enough to give the disease a name. Its nature, its causative 
factor or factors, and the mechanism whereby the effects leading us to suspect 
its presence are manifested must all be appreciated and understood if attempts 
to control it are to be intelligently conceived and wisely directed. 

To this end, fortunately, the physician of today may eall to his aid in 
numerable refinements applicable to the examination of the patient, among then 
the numerous resources of the elinical laboratory. 

So many and so great have been the advances in the field of laboratory 
medicine that there has been at times some indieation of unfortunate tendene) 
to utilize them te the neglect of the six most valuable assets in the study ot 
iny patient or any disease, to wit: one’s five senses, carefully and thorough! 
trained for the work at hand, and, perhaps most valuable of all—common sens‘ 
in their utilization and direction. 

The laboratory is not a diagnostie slot machine. It constitutes primaril 
and essentially simply a phase in the examination of the patient. It mus 
be used as an adjunct to the ordinary methods employed in the study of tl 
patient and disease and as such eannot safely nor profitably be neglected. An 
just as the elinical pathologist must be a physician with sufficient clinical tran 
ing to enable him to interpret correctly the data aecruing from his examin 
tions, so the physician must be sufficiently a clinical pathologist to select fr 
the multitude of those available the particular procedures most likely to 
informative in the particular problem at hand. 


*From the Laboratories, Atlantic City Hospital. 
Read before The Binghamton Academy of Medicine, Binghamton, N. Y., Oct. 19, 193 
Received for publication, November 14, 1937. 
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Just as Lord Moynihan is said to have regarded every surgical operation 
as an experiment, and Sir William Jenner to have looked upon the adminis- 
tration of a drug as a research problem, so the physician must develop the 
investigative viewpoint in the study of his patient, utilizing to that end as many 
and as varied avenues of approach and study as the diagnostic and therapeutic 
problem in that case may necessitate. 

Having thus by these broad generalizations prepared the way for a more 
particular discussion, we may now discuss as briefly as may be the utilization and 
significance of various blood examinations in the study of disease. In so doing, 
we shall not select the unusual nor the ultraseientifie, but rather the more c¢om- 
mon and homely blood studies which, perhaps because they are familiar, are 


not always appreciated or utilized to the fullest extent. 
THE BLOOD COUNT 


The blood eount coupled with the evtologic study of the stained smear is 
obviously of paramount importance in the study of primary disorders of the 
hlood-forming organs. But primary disorders of the hematopoietic system are 
rare, while disturbances of the blood as a concomitant or aftermath of disease 
n general are so common that it can be said with confidence that there is hardly 
ny disease in which a systematic hematologic study will not prove of material 
id and value. 

As everyone knows, an accurate diagnosis of anemia is impossible without a 
blood count, for symptoms cannot be relied upon. Pallor of the skin is entirely 
nreliable beeause it depends, not only upon the amount of hemoglobin per 
nit volume of blood, but also upon such varied factors as the skin thickness, 
the amount of skin pigment, the presence or absence of edema, the state of 
contraction or relaxation of the capillaries, and the degree to whieh the in- 
vidual is exposed to or protected from ultraviolet radiation. 

In like fashion other svmptoms associated with anemia, such as weakness, 
ortness of breath and edema, may be present in many other conditions and 
bsent in the presence of anemia. 

To recognize an anemia, therefore, and especially to recognize its type and, 

inferential deduction, the underlying responsible mechanism—an understand- 
of which is essential to intelligent treatment—recourse must be had to 
examination of the blood. 

Reliance upon hemoglobin determinations alone, as is sometimes done, is 

not sufficient and may, indeed, prove misleading; a simultaneous study of the 
| cells is essential. 

It is now clear that the production of anemia depends upon two funda- 


mental faetors: an inereased rate of loss or destruction of red cells. or a de- 


ased rate of formation, either of which may be brought about by a variety 
Oo! causes, 

From the standpoint of efficient treatment the necessity of determining not 
only the presence of an anemia but its type is apparent. Fortunately, this ean 
determined by a careful study of the characteristics of the red blood cells, 
that, from this angle, the most important feature of the blood count is not the 
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amount of hemoglobin and the number of erythroevtes, but that portion of the 
report describing what is seen in the stained smear. 

We now divide anemias into three main groups: normoeytic, macrocytie, 
and microcytic, in accordance with the size of the erythrocytes: normal, larger, 
or smaller than normal. 

This is of therapeutic as well as academie importance. For all macroeytie 
anemias depend upon a deficient supply to the bone marrow of the antipernicious 
anemia principle, and hence respond to the administration of this principle. 
Microcytie anemias, in which the cells are hypochromie as well as smaller than 
normal, are largely dependent upon an insufficient supply of the substances 
essential to hemoglobin formation, of which iron is the most important. ILypo 
chromic microcytic anemias may thus be expected to respond to iron therapy 
Macrocytie anemias, on the other hand, can be produced in a variety of ways, 
and their etiology must be determined before intelligent therapy can be 
planned. 

Important and valuable as are these simple procedures, there are others 
of ancillary and sometimes great importance in the study of a particular prob 
lem. Among these are the various indices of color, volume, and saturation. 

The color index expresses the mean hemoglobin content of a single cell as 
compared with the content of a normal cell. The volume index expresses thi 
ratio between the average size of the red cells in the blood examined and thi 
average size of the red cell in a normal blood. The saturation index expresses 
the relation of the mean corpuscular hemoglobin concentration to normal and 
hence indicates the relation of the hemoglobin concentration to cell size. 

Under normal conditions all three indices range between 0.8 to 1.2 and 
hence will be found within this range in normoeytie anemias which are not 
characterized by general changes in the size of the red cells. 

In the macrocytie anemias, where the erythrocytes are large, the volum 
and color indices will naturally exceed normal, while the saturation ind 
remains within the normal range or shows but a slight increase. 

In the hypochromic microcytie anemias all the indices, as can be foreto 
by the type of anemia, are below the normal range. 

If blood studies are thus seen to be important and essential for the aceurat 
diagnosis of anemia, and of equal importance at times in indicating the type « 
therapy most likely to be efficient, they are also of great value as a measure 
control of the results of therapy. 

In the icterus index, assuming absence of hepatic disease or biliary obst1 
tion, we have a gauge of the degree of erythrocyte destruction; while 
reticulocyte count furnishes an equally accurate index of the degree of red 
cell regeneration. 

In the absence of hepatie or biliary disease an icterus index above 6 it 
eates increased red cell destruction, the index increasing as the erythroe 
destruction imereases,. 

A reticulocyte count of less than 0.5 per cent is an index of abnorm 
slow regeneration; a count of 4 per cent or over in individuals over 4 years old 
indicates an increased rate of erythrogenesis, and this procedure may thus }e 


utilized as a measure of therapeutic response. However, as the investigations 
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of various workers have clearly shown, the degree of reticulocyte response to 
therapy is governed not only by the activity of the therapeutic agent and the 
adequacy of the dose, but also by the initial level of the red cell count and ean 
only be used as a therapeutic gauge when the initial red cell count is 3 million 
or less. Above this initial level reticuloeyte counts are irregular and inconstant. 

The reticuloevte count is also of some value in differential diagnosis, being 
increased in sickle-cell anemia, acute febrile hemolytic anemia ( Lederer’s 
anemia), familiar hemolytic ieterus, myelogenous anemia, lead poisoning, 
malaria, and any anemia characterized by an increased rate of blood destruction. 

A marked, but transient increase in the reticulocyte count follows acute 
hemorrhage and, occurring in pernicious anemia, forecasts the approach of a 
spontaneous remission, 

Even when a reticulocyte count is not done a definite, but by no means as 
accurate, idea of the presence or absence of regenerative activity and a rough 
approximation of its degree may be had from a study of the stained smear 
with particular reference to the presence, absence, or incidence of polychromato- 
philia (of which basic stippling is one manifestation) and nucleated red cells, 
all of which represent phases of erythroeytie formation. 

It is, of course, unnecessary to dwell upon the vital importance of the blood 
eount—in which is ineluded the study of the stained smear—in the diagnosis and 
study of diseases of the blood itself, such as polveyvthemia vera and the leucemias. 

Blood Count in Concealed Hemorrhage.—The blood count is not infre- 
quently used as a means for the detection and measurement of concealed hemor- 
rhage, but not always used to the best advantages. For example, a patient 


may present signs and symptoms suggesting, but not clearly, the possibility of 


some abdominal catastrophe accompanied by hemorrhage, such as a ruptured 


ectopic or a laceration of an organ, 

Not infrequently, information for or against such a diagnostie possibility 

s soueht by means ot repeated serial blood counts or by repeated determina- 
tions of hemoglobin and red cell counts. Such use does not always take into 
ecount the sequence of events followine hemorrhage. 

In the case of relatively small hemorrhages the effect upon the hemoglobin 
nd red cell count may be so minor as to be unimportant and inconclusive 
ntil, as a result of long-continued demand, evidence appears of fatigue on the 
irt of the hematopoietic system, and this, of course, is of little use where the 

emergency is acute. 

In the case of relatively large hemorrhages, no change will be seen in 
emoglobin determinations or red cell counts until some hours—and sometimes 
lite a few hours—later when both will drop as a result of dilution of the blood 

the fluids withdrawn from the tissues to compensate for the fluid lost in the 
morrhage. Here again, the effect may appear too late to be of aid in an acute 
lergeney, such as those just cited. 

In such case, the important information of clinical use and value is to be 

ohtained, not from a study of the hemoglobin and red cells, but from the total 
d differential counts. For hemorrhage into a closed cavity lined with an 
sorbing membrane such as the peritoneum produces an early and marked 
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polymorphonuclear leucoevtosis, and this finding, showing a progressive leuco 


eytosis, may be used with confidence as a sign of concealed hemorrhage in such 


localities. 

Blood Count in Infections.—While many infectious diseases are capable of 
producing more or less anemia, the most characteristic, most definite, and most 
diagnostically valuable changes are seen in the alterations produced in’ the 
number and characteristics of the leucoevtes and this discussion will therefore 


he confined to these. 
It is now many vears since Sondern first enunciated the now commonly 
accepted rules that the severity of an acute infectious process was in large 


measure suggested by the percentage of polymorphonuclear leucocytes in the 


differential count, and the reacting ability of the patient in large measure sug 


vested by the total leucoevte eount, 
Oddly enough, these two axioms still suffice for some to the utter neler 


{ 


l 
{ 


refinements now associated with the study 


the many and important 
thre leucoeytes in the presence of inteetion. 

While the dicta just mentioned are in large measure true, they cannot bi 
blindly relied upon for the following rather obvious reasons : 

In the first place leucocytosis and leucopenia are primarily manifestations 


of reaction to stimuli, just as, indeed, are all the varied manifestations o 


disease which we call symptoms. 

There are, however, several variable factors involved in the production 0 
these phenomena. One is the nature and intensity of the stimulus; another tli 
ability of the patient to respond to if Obviously, therefore, alterations in thi 
total and differential leucoeyvte count will depend, not only on the presenes 


of infection but also, and to no small extent, upon the ability of the patient 


respond to the stimuli exerted by the phenomena attendant upon the patholog 


processes resulting trom the disease, 
A diffuse and spreading infectious process may he expected to be accon 


panied by leucoevtosis, both total and polymorphonuclear, unless the toxi 


absorption is so massive or the infeetion so virulent that the patient is ov 


whelmed. In such a ease the total leucocyte count may approximate norm: 
or there may even be a leucopenia. 


On the other hand, a severe and virulent infectious process may be 


located and so well walled off that absorption from it, and hence stimulatio 


1 minimum, and the leucoey tic response corresponding! 


may be reduced to : 
less marked. 
Thus it is that, as is always the ease in any method of examination 


the patient, among which are laboratory procedures, the import and valu 


the procedure depends, not upon its results, but upon their interpretation. 


It would not be safe, for example, to base a diagnosis of acute lympha 
leucemia upon a leucoeytosis of 100,000 and a lymphocytosis of 98 per « 


in a child, because such a pieture may be encountered as an evidence of react 


to pertussis vaccine. Similarly, a diagnosis of myelogenous leucemia ean 
be safely based upon a high total count and the presence of myeloblasts, 


such findings may oeceur as what has been termed the ‘‘leucemoid reactio 


to infection. 
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Failure to obtain from the leucocyte counts the utmost in elinieally useful 
information arises from various eauses, among which may be mentioned, the 
paving of too much attention to the cells which are increased and not enough 


to those which are decreased. 


An old but pertinent observation, often forgotten nowadays, relates to 


the effeet of infeetions upon the eosinophiles. A decrease in the eosinophile 


count in conjunction with an increased polymorphonuclear percentage was 
recognized as indieative of a pyogenic process as long ago as 1902. This was 
he so-called ‘‘septie faetor’’ which has definite value, so much so that a 
return of the eosinophile has a definitely favorable import. 

The next step in the study of the leueoeytic response to infection was the 
endeavor of various investigators to reduce tne leucoevtic reactions to formulas, 
resulting in various graphie reports, such as the Gibson chart, Walker’s index 
i body resistanee, the leucoevte index of Krebs, and so on, <All of these had 
more or less value when properly computed and interpreted, but have now 
argely been discarded in favor of methods based upon the pioneer work of 
Arneth and its modifications by Sehilling and others, so that the leucoeytie 
ematology of infections is now largely dominated by the hemogram depicting 
the presence or absence of ‘‘shifts.’’ 

At first eglanee, such formulas appear somewhat complex, particularly as 
resented by some workers. In the ultimate analysis, however, they are based 
ipon relatively simple prineiples. 

It is apparent that the mobilization of leueoevtes in response to infeetious 
stimuli must necessitate the entrance of these cells from the various depots in 
vhich they are formed and stored. Where the stimulus is slight, the mobiliza- 
tion of mature cells may suffice. When this does not suffice, immature 
neutrophiles appear in the peripheral blood in proportion to the intensity and 
rgeney of the demand, 

Arneth was the first to call attention to the variations in the shape and char- 
acter of the polymorphonuclear nucleus, and to associate these changes with 

e age of the cell in question, these investigations being later extended and 
vised by Schilling and others. All of these workers, in tabulating the various 
tages of nuclear morphology, naturally listed the youngest types first, fol- 
lowed by the other types in their supposed order of age and maturity. 

When percentage estimations were made of these various immature forms, 

was found that the proportion of younger forms was inereased in propor- 
n to the intensity of the reaction, and that hence the highest figures were 
n under the voungest cells at the left of the form, and this finding was some- 
at slangily expressed as ‘‘a shift to the left’’ to indieate a preponderance 
immature leucocytes. From these relatively simple beginnings there has 
isen an extensive hematologie strueture with many complicated ramifications. 

While there is no question as to the value of studies of leucoeytie nuclear 

phology in disease in general, and in infeetious diseases in particular, there 
some room for question as to whether or not the value of the procedure is 
haneed by the complicated and sometimes even cumbersome nomenclature 
ich has grown up about it. 
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It is for this reason that many attempts have been made to modify the 
methods of reporting such studies so that they may be made more simple and 
rapid in performance and especially more simply reported. 

One of the simpler and vet very useful methods of determining the presence 
or absence of a shift, as well as its degree, is by dividing the total number of 
mature cells by the total number of immature cells found, the resulting figure 
being called the ‘‘nueclear index’’ (Boerner). 

In the adult the normal index is 15 or over, an index of 10 to 15 denoting 
a very slight shift to the left; 5 to 10, a moderate shift to the left; and an index 
under 5, a marked shift. 

The impossibility of elaborating leucoeytie formulas applicable under 
all situations and of invariable significance is, of course, apparent. We must 
be prepared, then, for qualifieations in the interpretation of variations in nuelear 
morphologie determinations, no matter how they may have been made. 

For example, because of the extreme mobility of the bone marrow in infants 
and children, and the consequent even marked response to minor stimuli, sue! 
counts cannot be interpreted as in the adult, although an approximate basis 
for interpretation may be had by subtracting about 5 per cent from the imma 
ture neutrophilic percentage count in children 4 to 12 vears of age, and about 
10 per cent in infants under 4 years of age. 

Likewise, these methods are inapplicable to noninfectious diseases, leucemias 
pernicious anemia, and other myelophthisie anemias in which the presence o 
immature neutrophiles has no definite relation to prognosis. Nor can they bh 
used in malaria because of the common occurrence of large numbers of young 
staff) cells. 

The interpretation of leucoeytie variations may be summarized somewhat 
after this fashion. 

1. A slight nuclear shift associated with a moderate neutrophilic leucoeytos 
and a persistence of eosinophiles is, when this picture is sustained, of favorabl 
import. 

2. A moderate nuclear shift in the presence of a slight leucoeytosis, eoupl 
with a decrease of eosinophiles and lymphoeytes, warrants the diagnosis of 
fection, but is without prognostic significance. 

3. A high leucoeyvtosis associated with a marked shift, an absence 
eosinophiles, and a decrease in lymphocytes, is of ominous import. 

4. When, in the presence of lvmphopenia, an absenee of eosinophiles, : 
an increasing shift to the left, there is also a progressive fall in the total Jeu 
evte count, the picture warrants a fatal prognosis with a considerable degre 
certainty. 

5. An eosinophilie leucopenia, when coupled with a rising total count, s 
nifies a pyogenic infection; in the presence of a falling total count it suggests 
lack of resistance. 

6. Lymphopenia coupled with a rising leucocytosis suggests a progres 


inflammatory process; with a falling total count the prognosis is ominous. 
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7. Lymphocytosis associated with a return of the total count and nuclear 
index to normal is the usual accompaniment of convalescence. 

Generalizations applicable particularly to variations in the nuclear mor- 
phology may be thus briefly summarized : 

1. The peak of the immature cells is coincident with the height of the im- 
fection. As the disease process lessens and convalescence sets in, rod forms 
return to the normal level of 3 to 5 per cent. Their persistence at a high level 
suggests some complication. 

2. In pneumonia a staff count of nearly 50 per cent of the total frequently 
accompanies the crisis. When the number of immature forms approaches 50 per 
cent in early pneumonia, the prognosis is ominous. 

It will be noted that in all discussions of this matter of nuclear variation 
in the study of disease the bulk of the emphasis is laid upon the shift to the left. 
It should not be overlooked that the reverse of this, or a ‘‘shift to the right’’- 
in other words, the return of mature leucocytes to the blood pieture—is of 
some value as predicating the return to normal. 

From even this cursory survey it is seen that while all these various refine- 
ments in the study of the leucoevtes have vreatly increased the prognostic sig- 
nificance of the leucocyte count, the procedure is still mainly a measure of ae- 
tivity and response to stimuli, with marked enhancement in differential diag- 
nostie and prognostic significance, 

So much emphasis has been laid upon the study of the nucleus that the 
value and significance of the study of the leucoeyte as a whole has been some- 
what overshadowed, except to the hematologist. 

(Changes in the evtoplasm and granules of the granuloeytic leucoeytes have 
been so definitely found, so clearly deseribed, and their significance so definitely 
ndieated that the hematologist now recognizes the ‘‘toxie neutrophile’’ and 
tilizes it as a valuable prognostic indicator. 

The changes denoting the toxie neutrophile are a tendency of the cytoplasm 
to take a bluer stain than normally, the presence of vacuoles in the cytoplasm, 

id variations in the size, number, and staining reaction of the granules, the 
toxie granule being larger, bluer, and not so numerous as in the normal eell. 

Any one of these changes may be present alone or in combination, and, of 
uurse, may vary in degree. When present it is customary to grade their de- 
ree, as compared to the deviation from normal in the average cell of the pa- 

nt’s blood, by the arbitrary use of one- to four-plus. 

As a rule, the presence of toxie neutrophiles is associated with a marked 
erease in the platelet count and their evaluation has been found to be of great 
ognostic value. When two of the changes indicative of the toxie neutrophile 
e present in three- to four-plus degree, a fatal outcome is almost inevitable. 

The absence of toxic neutrophiles has not the reverse significance, however, 
occasionally patients fail to develop such changes even up to the time of 

death. 

Also, it is to be borne in mind that caution must be used in evaluating the 
sgnificanee of toxie changes in peritonitis and pneumonia, as variations of from 

ree- to four-plus in any two of these changes indicating toxicity oeceur quite 
constantly in these two conditions with subsequent recovery. 
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Some workers caleulate the percentage ot neutrophiles showing toxic changes 


and report this as the degenerative index. It is practically as easy, however, and 


rather definitely more valuable, to estimate the degree of all the toxie changes 


noted and to base prognostic inferences upon this. 


BLOOD SEDIMENTATION 


Amone the relatively recently developed procedures whieh has an accepted 
place in the field of laboratory studies is the sedimentation test. 

Time does not permit discussion of the various theories advanced to ex 
plain its mechanism nor to mention the various technical factors which may pro 
duce anomalous and even fallacious results. It must be emphasized, however, 
that the blood sedimentation rate is a nonspecific phenomenon, entirels without 
specifie diagnostic significance, and constituting but one of the varied manifesta 
tions of the reaction to pathologie stimuli. Its lack of specificity is apparent 
from the fact that the sedimentation rate is inereased in greater or lesser degre 
in such varied conditions as pregnaney, neoplasms, and infections. 
derives its chief elinieal value from the 
so that an inereased sedimenta 


The sedimentation test facet that 
it is a reliable and delicate indicator of activity, 
tion rate signifies an active process, whatever it may be, and a return toward the 
normal rate of sedimentation indicates a decreasing activity in the pathologic 


process. There are no specific sedimentation curves characteristic of any speeifir 


condition. 

From the clinical standpoint the sedimentation curve has a very definite, 
though somewhat restricted, field of usefulness: 

First, in gynecology as a means of determining when a tubal inflammatory 
process has become quiescent and thus most suitable for an elective operation 
It has been suggested that there is a specific difference between the sedimentatior 
rate in salpingitis and that in appendicitis, enabling a differential diagnosis 
hetween the two conditions, in that an increased rate appears earlier in sal 


pingitis than in appendicitis. This observation awaits corroboration. 


Second, in the management of ambulant tuberculosis where an increasin 
sedimentation rate is often the first indication of a reactivation of the tubere 
lous process. 

Third, as a means of aiding in the differentiation of inflammatory fro! 
noninflammatory processes in, for example, the chest, in arthritides, and in t! 
genitourinary system. 

Fourth, as suggesting pregnancy in the absence of neoplasms and infectio 
processes. 

Fifth, in distinguishing organie from functional disease in the gast 


intestinal tract. It is a wise axiom never to diagnose a functional neurosis 


the presence of an abnormal sedimentation rate. 

Finally, there is evidence to suggest that, for reasons unknown, the se 
mentation rate is either normal or decreased in pertussis, even though this is 
acute febrile disease. Hence, in the presence of cough associated with a leu 
evtosis and marked lymphocytosis a coincident normal or decreased sedimen 


tion rate suggests pertussis as a diagnostic possibility. 
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The sedimentation test has been applied in the presence of almost all 
known diseases, and in the early davs of its use many statements were made 
which the test of time has failed to substantiate. While its mechanism is still 
largely unknown, it is practically certain that it is definitely related to tissue 
destruction, which, of course, explains its innumerable variations in innumer- 
able conditions as a measure of activity. 

It should be emphasized that inferential deductions drawn from the sedi- 
mentation rate are best and most safely and accurately based, not upon a single 


determination but upon the trend of a series of determinations. 


AGGLUTINATION REACTIONS 

Kollowine the World War the rapid inerease in the number ot individuals 
aceinated against infections of the typhoid group complicated somewhat the 
clinical interpretation of agelutination reactions. The problem appeared to be- 
come still further complicated by the more recent studies indicating that, in 
accordance with certain specifie differences in typhoid strains, there were differ 
ences in the type of agglutinins produced and, consequently, in the character 
of the resulting agglutination reactions. 

The discovery as long ago as 1917 that colonies of a pure eulture of bae- 
teria might vary in their appearanee, some being smooth and shiny and others 
rough and more or less opaque, was soon followed by appreciation that these 
cultural differences were accompanied by certain other differences, among which 
were perceptible differences in the type of agglutinins produced by these two 
bacterial ty pes. 

When a suspension of a smooth or S-type organism is brought in contact 
with a specifie agglutinating serum, the resulting agglutination takes the form 
of large floeculent clumps. When a suspension of a rough or R-type strain is 

zelutinated, the agglutination takes the form of small compact granules falling 
to the bottom of the tube. 

S-agglutination occurs rapidly, settles slowly, and is floeeulent in character. 
-agelutination forms slowly, settles rapidly, and is granular in appearance. 

Without entering into the many minutia of these studies it suffices to say 
at it has now been conclusively demonstrated that the granular type of agglu- 

tinin is thermostabile and of somatie origin, while the floeeulent type of agglu- 
lin is thermolabile and flagellar in origin. At first glance all this might seem 
he of little or no clinical importance, but its practical significance becomes 
parent from these facets: 

1. Formolized suspensions for agglutination reactions respond mainly to the 
vellar type of agglutinins, while aleohol-killed suspensions respond mainly 
the somatic type of agglutinins. 

2. While in the majority of instances both flagellate and somatie agglutinins 
produced in typhoid fever, in some only the somatie type of agglutinin is 
oduced, in which case there would be little if any response with a formolized 
zlutination suspension. 

It thus appears that the thorough study of diseases of the typhoid group 


means of the agglutination reaction may in the future necessitate the routine 
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use of both aleohol-killed and formalin-killed suspensions in order that both 
types of agglutination may be detected and quantitatively measured. 

This becomes of clinical interest because of the fact that, in a general way, 
the agglutinins formed as a result of typhoid vaccination are largely of flagellar 
origin, while those resulting from an actual infection are largely of somatic 
origin. 

Agglutination of the aleohol-killed suspension, therefore, usually suggests 
typhoid fever or infection with a closely allied species, while agglutination with 
a formalinized suspension, and hence of flagellar type, suggests one of three 
possibilities: the patient has typhoid fever, he has had the disease in the past, 
or he has been vaccinated. 

The question is sometimes asked, ‘* What strength of agglutination titer is 
diagnostic or suggestive of infeetion?”’ 

The answer is clear and definite: No arbitrary titer can be selected which 
is positive in the diagnostic sense or below which it can be regarded as diagnos 
tically negative. An agglutination reaction is simply one item of evidence to be 
considered in relation to all the other evidence available. 

Certain general principles may be laid down, however, to govern the ¢linical 
utilization of this procedure : 

1. Given a patient presenting symptoms suggestive of enterie fever—whicl 
it must be remembered, includes infection with any of the organisms in. the 
Salmonella group (of which there are about twelve species capable of causing 
continued fever)—a negative reaction to the suspensions used may signify that 
(a) the patient does not have enterie fever; (b) that the specimen was taker 
before agglutinins appeared; (¢) that the disease is of unusual type and eaused 
by an organism not represented in the suspensions used. The first two alterna 
tives are differentiated by a repetition of the test; the last by a resort to attempts 
to isolate the organisms by eulture. 

2. A negative reaction in the seeond or third week of the disease is o 
definite negative diagnostic value and repeated negative reactions render thi 
clinical diagnosis unlikely. 

3. A positive reaction must be considered in relation to (a) the distribu 
tion of agglutinins in the normal population, (b) the stage of the disease ; 
which the test is made, and (¢) the history as regards vaccination. 

4. As is usually the case with many laboratory procedures, the trend of 
series is of greater value and significance than a single determination. 

5. Quantitative reactions are far more clinically valuable than tests wit 
one or two arbitrarily selected serum dilutions. 

6. It is a wise preeaution to include a suspension of B. abortus in 
routine Widal set-up and to use a B. tularense suspension in the study of a1 


obscure continued fever. 
BLOOD CHEMISTRY 


Discussion of this phase of laboratory investigation must needs be In 
and may be prefaced by the statement that the average hospital laboratory 
pends much time, labor, and material in the conduct of chemical determinations 


of little eclinieal value and which furnish little or no useful information. 
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It may also be emphasized that requests for ‘‘ blood chemistry ’’ or ‘‘ routine 
blood chemistry’? are meaningless. Every requisition for blood chemistry 
determinations should be specifie and should have in view the acquisition of 
specific information relating to various phases of functional efficiency applicable 
to the corroboration or negation of a diagnostie possibility. This, indeed, applies 
to all laboratory requisitions. 

The following generalizations are applicable : 

1. As the urea nitrogen, in health and disease, is always approximately 
50 per cent of the nonprotein nitrogen, it is unnecessary to order both. Deter- 
mination of the urea nitrogen is preferable as simpler and more rapidly per- 
formed. 

Creatinin need not be determined unless the blood urea is over 30 mg. 
per cent. 
3. There is only one real indication for the determination of uric acid: 
eout or the suspicion of gout. 

4. Blood ealeium determinations are routinely indicated only in the pres- 
enee of tetany; sometimes in the presence ot spasmophilia associated with rickets, 
inasmuch as the blood calcium in rickets, as a rule, is normal; rarely in frae- 
tures when nonunion is thought to be associated with disturbances of calcium 
metabolism; and infrequently as a method of regulating parathyroid hormone 
herapy. 

D. -hosphorus determinations are useful only in the study of tetany and 
rickets. 

6. Chloride determinations find their greatest value in the study of the 
toxemias associated with disturbances of gastrointestinal motility. They are of 

tle value or signifieanee in nephritis. 

7. Indications for determinations of carbon dioxide combining power are: 

diabetic patients with acetone in the urine, (b) uremia with nitrogen reten- 
tion and dyspnea, (¢) toxie patients receiving alkali treatment, (d) tetany of all 
vpes, and (e) disturbances of gastrointestinal motility with toxemia. 

Blood Culture.—It is not only wise but profitable to resort to blood eultures 

a) any disease known to be characterized by bacteremia; (b) in any condi- 
m where the clinical pieture and symptomatology suggest bacteremia as a 

diagnostic possibility; (¢) in any sustained febrile reaction the etiology of which 
obscure; and (d) in certain acute infections, such as pneumonia or menin- 
eoecie meningitis for example, in which the demonstration of bacteremia is of 
bronounced prognostic signifieance. 

The success or failure of bacteriologie examinations of the blood is deter- 
ned by a variety of factors, some of which arise from the inherent character- 
ies of the disease in question, others dependent upon the particular method or 

methods employed; still others related to the characteristics of the bacteria in 
estion; and, finally, those arising from the c¢ireumstances under which resort 
had to this procedure. 

In those diseases characterized by bacteremia, of which the typhoid group 
the classi¢e example, it is well recognized that the earlier in the disease the 

culture is taken the greater will be the incidence of positive results. The reason 
‘this lies in the fact that in every bacteremia the entrance of the bacteria is 
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from some initial focus, that this entrance may be, and probably is, more or less 
intermittent, and that the bacteria are more or less constantly being removed 
from the blood stream by the varied mechanisms of defense. 

In bacteremia the bacteria do not make continuous circuits of the blood 
stream reproducing as they go. On the contrary, not only do antibacterial sub 
stances arise and travel with them, but they are subject to mechanical removal 
by filtration, by lymph nodes, by deposition in various tissues and organs which 
may later function as foci of secondary invasions, and by phagocytosis. 

As a result of these interacting forces it is probable that there is a rise and 
fall in the bacterial content of the blood dependent upon repeated influx from 
the primary as well as the secondary foci and influenced by repeated attempts 
ot the defense mechanisms to cleanse the blood stream. 

It is apparent, therefore, that the time at which the culture is taken is of 
definite Importance and definitely influences the result. The most propitious 
time is hence as soon as possible after the clinieal signs suggestive of bacterial 
invasion of the blood appear, namely, chill, rigor, and rise of temperature. 

While the clinical pathologist usually inoeulates a blood culture into 
variety of media caleulated to secure growth even when the organism in ques 
tion is selective in its cultural requirements, it is obvious that knowledge of the 
presenting possibilities enables him to vary his methods accordingly and so en 
hanee the chances of success. It is not only advisable, therefore, but of definite 
value that requests for blood cultures be accompanied by the tentative clinica! 
diagnosis or some statement coneerning the clinical features of the ease. 


Under certain conditions, such as in puerperal septicemia, for example, th 





invading organisms not infrequently, if not strictly anaerobic, grow best under 
conditions of partial tension. All blood eultures, therefore, should includ 
anaerobie and partial tension methods. 

Blood eultures should be so devised as to furnish information, not only o 
the presence of bacteria in the blood, but some measure as to the degree o 
bacterial invasion. In a word, they should be quantitative, and this can easil 
be done so that reports can be made in terms of the number of colonies pe 
cubic centimeter of blood, thus furnishing the clinician with an estimate of t! 
gravity of the condition of value from the prognostic as well as the therapeut 
standpoint. Such a procedure in later cultures also serves as a measure of 1 
response to treatment. 

As a rule, after a preliminary report after twenty-four hours, blood ¢ 
tures are not finally reported upon until they have been held for seven da: 
Sometimes, however, especially in subacute bacterial endocarditis, cultures m 
he held for three weeks or more before the final report can be made. In 1 
condition it is henee imperative that the clinical pathologist be aware of 
diagnostie possibility in order that he may not diseard his eultures too soon. 

The rapidity with which growth oceurs in blood cultures is determined } 
by the ease with which the bacteria in question grow on artificial media, « 
also by the number present in the blood at the time the examination is ma 


Growth, even of organisms relatively easily propagated, may not be percept! 





therefore, for some little time. 
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The significance of negative blood cultures is governed by various factors 
among which may be noted: 

1. The charaeter of the infection. In subacute bacterial endocarditis, for 
example, where the blood stream invasion is not only intermittent but often of 
minor degree, several attempts may be necessary before growth is obtained. 

2. The time at which the culture is taken. The further from the time of 
the invasion, the lower will be the incidence of positive cultures. 

3. The duration of incubation as well as the media and methods used are 
of definite influence and emphasize again the value of informing the elinical 
pathologist of the possible diagnosis. 

The demonstration in a blood culture of organisms not commonly encoun 
tered in the skin is positive evidence of a bacteremia. When staphylococci are 
found, however, and especially when they are present in small numbers or only 
in one or two media, the culture should be repeated in order to rule out skin 
contamination, 

Staphylococei in large numbers in all media are usually evidence of staphy- 
locoeeemia, although it is wise to check this finding by a repetition of the eulture. 

Flocculation Tests —The present inauguration of a campaign against syph- 
lis has focused attention anew upon the flocculation reactions which have been 

developed in recent vears as methods for the serologic detection and study of 
syphilis. That they are reliable, delicate and useful adjuncts in the serologie 
study of syphilis is generally recognized. What does not seem to be equally as 
venerally emphasized, however, is the fact that, as is true of any reaction which 
depends upon an interaction between the patient and his disease, these proce- 
lures have their limitations. 

Much has been made of the fact that flocculation tests may be rapidly per- 
formed and especial emphasis has been laid upon their simplicity of technique. 
Indeed, so much has been said of these qualifications that, by inference or even 
direct statement, the impression has been spread that anyone from the janitor 
to the serologist may satisfactorily perform such tests, and they are being widely 

ailed as *‘ office tests’’ that anyone ean do. In fact, a prominent biologie supply 
use is now advertising a ‘*new’’ flocculation test which can be completed in 
n minutes, whieh—aeeording to the advertisement—requires little, if any, skill, 
nd which can be performed for an average cost of two cents! And another 
eneral supply mail order firm advertises the equipment for one of the older 
ethods for $9.75. 

It seems advisable and timely to recall some pertinent facts. 

In the first place, there is evident danger that the publie, as well as the 
ysician, may be led to believe that the Wassermann test, or its equivalent, is 
| that is necessary to diagnose or rule out syphilis, from which it follows—if 
me recent trends in the literature and especially in the advertising ‘‘litera- 
re’’ directed to the physician are to be believed—that anyone on the sole 
sis of a ten-minute-office procedure can label a patient with the stigma of 
philis and condemn him to from two to five years of treatment; or, on the 


contrary, release a potential focus of infection on the same grounds. 
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It is not unprofitable, in this connection, to reeall, from an address by 
Dr. James Gregory, Professor of Medicine in the University of Edinburgh 
from 1790 to 1821, the following: 

‘*T do not know, nor can I conceive, any human contrivance that can more 
effectually and irresistibly oblige the physician to study carefully the case ot 
his patient; to attend to every symptom and change of symptom; to exert 
himself to the utmost for his patient's relief, and at the same time be as careful 
as possible in the remedies he employs; than to find himself under the necessity 
of giving a minute account of everything he has done in a very publie manner 
and before a number of competent judges. ’ 

Under such circumstances it is not unreasonable to suppose that ther 
would be some embarrassment attached to a diagnosis of syphilis largely based 
upon a ten-minute-test and ten cents worth of reagents! 


Now, while it cannot be disputed that serologic procedures are of para 





mount importance in the study of this disease, it must be remembered that 
careful histories, meticulous examination, and their careful correlation are 
equally important and equally essential. The old adage to **be quick to suspect 
syphilis but slow to diagnose it’’ is still in good standing. 

In the second place, while it is true that the flocculation tests are simple) 
in technique than the complement fixation tests, behind these simple manipula 
tions are the same basic principles underlying the complement fixation tests 
principles none of which are simple, all of which are intricate and complicated 
and some of which are vel incompletely understood, 

It is important that workers in the field of serology understand them, ; 
far as they can be understood, because of the facet that all laboratory procedure 
may go awry at times, and it takes an experienced worker with a thoroug 
fundamental training both to appreciate when trouble begins and especially 
find and eliminate the cause. 

In the third place, the laboratory procedure itself is never as important 
as its interpretation, especially in the borderline case, in whick neither 1! 
reaction obtained nor the e¢linical significance to be attributed to it are clear-cu 

It seems questionable, to say the least, whether perusal of the advertisi 
‘‘literature’’ accompanying the outfits now offered for sale for the perfor 
ance of these ‘‘office tests’’ ean justly be regarded as conveying sufficient 1 
formation to make of the reader an efficient serologist or a competent syphilo 
rapher! 

One may also be permitted to doubt whether or not rapidity and cheapn 
would be the paramount factor in determining the diagnosis of syphilis on o1 
own blood, even though hailed as sufficient for the patient. 

It must be remembered that while the diagnosis of syphilis, with all t! 
it implies, is very easily made, it is far from easily removed. The point need 
not be labored. 

Even so rambling and discursive a discussion as this will serve to indice 


in some measure, the diversity of the present avenues of approach to the st 
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of disease. It may also serve to suggest something of the many factors upon 
which the clinical utilization and interpretation of laboratory findings depend. 

It may, perhaps, again be emphasized that laboratory proceedures, although 
commonly—and somewhat unfortunately—-spoken of as ‘‘tests’” are, of course, 
not tests for the presence or absence of disease, but specialized phases of the 
examination of the patient. While this need not be emphasized to the physician, 
{ may with profit be called to the attention of the patient. For, thanks to the 
advertising methods of the lay owned and lay operated commercial laboratories 
and to the implications surrounding the drugstore laboratory, the publie has he- 
come more or less laboratory CONSCIOUS. 

1}\ this it is not meant that the public has become trained to expect of the 
ivsiclan the proper utilization of all that modern medicine has to give to the 


study of disease, but rather that there has developed a@ more or less widespread 





tendeney to regard the laboratory and its procedures as a sort of mystic divin 


g rod for the deteetion of disease, 
Every clinical pathologist eneounters individuals who come to the labora 
tory for a ‘urine test’” or a ‘*blood test’? to find out whether or not they are 
ealthy, and has been obliged to expend valuable time in explaining, not always 


. iecessfully, the futility of such procedures unless they are deemed indicated 





the physician and subject to his interpretation. The laity, perhaps, are not 
together to blame in this matter, for medicine, to no small extent, is still some 
at shrouded in the mantle of mystery whieh it inherits from the past. 
The necessity in these modern days for extensive use of laboratory methods 
s. by what Webster has called ‘‘the fearful concatenation of cireumstanee,”’ 
resulted ina mushroom growth of ‘*laboratories’* not infrequently owned, ¢o1 
ducted, and manned by lay personnel, trained solely in the purely manipulative 
tures of laboratory procedures, Indeed, all too often the laboratories elamor 
for the physicians’ ‘business’ are ageressive in proclaiming that **the test 
is the thine”? and seek by an obtrusive display of glittering apparatus and the 
elamorous use of teehnieal patter to **varnish nonsense with the charm = of 
sound, *’ 
It is not altogether surprising that the average layman, to whom the clerk 
the druestore, the eood fellow who. handles his favorite brand of cigars. and 


as ‘* Doe,’ should reward the technician as a 


physician alike are known 
dical oracle, 
The physician, of course, knows that technical skill and experience, no 
matter how extensive, do not make a clinical pathologist. On the contrary, the 
iw of the climieal pathologist in the study of disease is entirely dependent 
mand entirely in proportion to his clinical as well as laboratory ability to 
when called upon, not only in the seleetion of suitable laboratory studies 
Nicable to a particular problem but also, at times, to aid in their ¢linieal 
inferpretation and utilization. 


For so complex may ¢linieal problems beeome that one is reminded some- 


es of the words of General Wolfe in one of his dispatehes to Lord Pitt: 


ere is such a choice of difficulties that I find myself at a loss how to deter 




















STUDIES ON ANAPHYLAXIS WITH INSULIN 
(‘LARENCE BERNSTEIN, JR., M.D., Josepu B. Kirsner, M.1).. AND 


Winuiam J. TurRNerR, M.D... Cricaco, Tun. 


INTRODUCTION 


NVESTIGATION of the physiologie effects of insulin has so completely en 


gaged the research interest of workers in this field that little attention has 





been directed to its immunologie properties. These properties have been brought 
into increasing prominence by the reports of unusual reactions such as are seen 
in insulin-resistant! cases or in the insulin sensitive individuals who present 
urticaria, edemas, asthma, or other untoward manifestations following its injec 
tion. Minor allergie responses, such as ‘‘dwarf’’ urticaria are met with not 
infrequently, but despite the wide use of insulin, grosser sensitization, or ana 
phylaxis, is still uncommon enough to occasion several accounts of this condition 
annually.2° Indeed, those who follow any large group of allergie individuals 
are uniformly impressed by the paucity of diabeties in their clinic population. 
This observation has been the source of various theories regarding the diabetic 
constitution, and one wonders whether the latter is antithetie to the allerei 
constitution, or whether, genetically, the simultaneous appearance of the two 
traits constitutes a ‘‘lethal factor.’’ One would not have the temerity to defen 
completely this latter hypothesis, especially in view of the actual, albeit rar 
occurrence of the two conditions in the same individual. Speculation regarding 
the mechanism of insulin resistance has also stimulated interest in its immun 
processes. Is insulin fixed in situ in such cases and slowly inactivated, or does 
the union of antigen and antibody immediately inactivate it? Does its eombin: 
tion with the fluids or tissues of the host under particular but as yet unknow: 
conditions reduce its hypoglycemogenie effeet? We do not presume in this ¢o1 
munication to answer all these questions, many of which are in the present state 
of our knowledge necessarily rhetorical. However, some inquiry into the ir 
munologie properties of insulin seemed indicated, and we report the results of 
our investigation on this point. Data from work pursuing the subject furt! 
will be recounted in a later communication. The present series consisted of si 


eral groups of animals of which one representative study is set forth below. 


MATERIALS AND METHODS 


The guinea pigs were males, weighing between 250 and 300 gm. Injections with 
syringes were made intracutaneously with some possible subcutaneous leakage. Normal horse | 
serum was obtained from Eli Lilly Company, whose commercial insulin U 40 was also 
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n the experiment. A highly purified commercial preparation of insulin U 223, derived from 

beef pancreas, and containing 1.880 gm. nitrogen per cubie centimeter was supplied by the 

Research Division of E. R. Squibb and Sons. We are indebted to Dr. E, M. K. Geiling and 

articularly to Dr, H. Jensen, of the Department of Pharmacology, Johns Hopkins University 

Medical School, for a generous quantity of powdered crystalline insulin used in these studies. 
| : | ; 


Frederick Stearns and Company furnished us with their ‘‘erystalline’’ insulin U 40 (nitrogen 


ontent I4 per cent dry crystals—zine content 1 mg. per 500 units). The omission of any 
ference in the tables to differentiate either type is intentional for purposes of simplification. 


] ] 


e results with the two crystalline products were identical in every respect, 
EXPERIMENTAL 


We were first interested in the possibility of sensitizing guinea pigs to insulin, The 
] 


thod employed by one of us in pollen sensitization was first used, This consisted il the 


of a mixture of equal parts of normal horse serum and, in this instance, insulin U 40. 





. e mixture was allowed to stand at room temperature for twenty-four hours and then kept 
| icebox temperature for further use. At four-day intervals guinea pigs were injected subeu 
neously with 5 doses of 04 e.c. of this horse serum-insulin mixture, and after a total elapsed 
ne of twenty-eight to thirty days, were ready for the test of anaphylaxis. Other guinea pigs 
re similarly injected with 0.2 ¢.¢. commercial insulin alone (same lot). Several animals were 
through hypoglycemic shock or intercurrent infections, and necessary modifications in 
age may be observed in the tables, It was soon apparent that any sensitization induced to 
ilin was in no consistent manner dependent upon the horse serum component of the 
: ombined’’ antigen, and this phase of the investigation was not extended. However, the 
S tial anaphylaxis was greater in this group and is commented upon later. Other guinea pigs 
re divided into groups dependent upon the type of insulin used for sensitization and fon 
‘ . k, and upon the method of sensitization. They were shocked at three- and six-week in 
rvals after the last sensitizing dose by intravenous injection into the exposed jugular vein, 
amounts used were 0.2 to 0.4 ¢.c. of insulin, containing from 4 to 19 units as indicated. 
Reactions were earefully observed and were classified as described in the legend (Table 1) 
lypieal anaphylactic responses were observed within five minutes after injection. These con 
, sisted, in increasing order of severity, of nervousness, rapid breathing, scratching of nose, 
. lyspnea, cyanosis, wheezing, cough, loss of posture, jactitation, convulsions, and death, Any 
reactions occurring after forty-five minutes were discounted as being possibly hypoglycemic 
S and were considered as insulin shock. This latter type of reaction was slower and more grad 


in its appearance. The animal first became listless, weak, and apathetic, and, if not 
viven glucose, eventually exhibited convulsive movements. To combat the latter, intraperitoneal 


I tions of 50 per cent glucose in physiologic saline were employed. 


It can be seen from Tables T and II that animals receiving insulin alone 
react with relatively slight degrees of anaphylaxis three weeks after sensitiza- 
tion. When the insulin was ‘‘ecombined’’ with horse serum fair grades of 
anaphylaxis were obtained at the three weeks shock (Table I). However, on 
he second shock three weeks after the first intravenous assay, those animals 

Which had reeeived insulin alone in initial sensitization showed anaphylactic 

reactions at least equal to and generally greater than those in the horse serum- 

insulin group had shown at the three-week shock (Tables I and IT). No ex- 

se periments were made to bring out differences in the latter group at a second 
three-week shock. 

The possible combinations of factors in this experiment suggested that the 


variations in the type of insulin used, the time, the number, and the route of 





‘tions might be of importance. Accordingly further experiments designed 
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to demonstrate possible differences were carried out and are ineluded in the 
tables (groups B, Tables IT and III, and Table IV). Both crystalline and 

E III 
den 0 ANAPHYLACTIC RESPONSE IN GUINEA PIGS SENSITIZED WITH COMMERCTAI 
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commereial insulin were used in every sS ries, The animals shown in Table lV 
ere ‘‘shocked’’ three weeks after the last sensitizing dose by a subcutaneous 


njection, and three weeks later hy the intravenous route. The subeutaneous 
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‘*shocking’’ was insignificant and apparently did not alter the grade of response 
at the second shock three weeks thereafter by the usual intravenous method. 
This would indicate that time rather than a previous intravenous injection of 
insulin is the factor of importance in establishing anaphylactie sensitization 
in these guinea pigs. Both groups B (Tables Il and IIL) were given all 3 
preparatory doses by intravenous routes, as well as the shock dose. These 
animals showed moderate but definite anaphylaxis at the first three-week assa) 
hut not significantly different from those sensitized by subeutaneous injections 
(groups A2, Tables Il and II1). At six weeks there were likewise no notable 
differences, though the erystalline insulin groups showed slightly more marked 
reactions. Within a given group the animals varied somewhat in their individ 
ual responses, but these variations from the experimental result were neither 
ereater nor more frequent than is seen in any anaphylactie study in guinea 
pigs. Certain of the differences in the height of the reaction which at first glance 
seem inconsistent, are readily accounted for by differences in the unitage of tli 
shock dose emploved. The demonstration of preeipitins for insulin was incon 


clusive. No Dale preparations were studied in this experiment.* Observations 


on skin tests with insulin in sensitized animals will be reported at a later date 
COMMENT 


The ability suecessfully to sensitize guinea pigs with insulin as demon 


strated in this experiment is not surprising. Jensen and others!’ hav 





demonstrated that insulin is a complete protein and is without organ or species 
specificity; accordingly, we might reasonably expect it to exhibit the immuno 
logie properties of a protein. The slightly greater anaphylactogenic potency 
of crystalline insulin has been mentioned above. It is possible that this varia 
tion may be intimately related to the relative differences in purifieation. Sulfur 
in the insulin molecule has been shown to be labile. The possible internal 
rearrangements which might take place in the insulin molecule in the presenc 
of *‘foreign’’ material, such as specific serum and tissue products of the host 
of origin, are purely conjectural. Such rearrangements, however, might c¢o1 
ceivably alter or modify its action. Efforts to control the route of sensitizatio! 
and the factor of time disclosed that the use of the intravenous route made mn 
appreciable difference in the degree of shock at the first three-week assay. I! 
is seen, however, that the combination of insulin with horse serum produces 
fairly consistent and moderate grade of anaphylaxis after three weeks (Table | 
Of considerable interest is the relative absence of fatal hypoglycemic sho 
from the insulin dosage used. The possible explanations might be: (a) Duri 
the sensitization the animals were not fasting, and were returned to cages whe! 
abundant food awaited them, (b) The combination of insulin with guinea p 
serum might alter the potency of the insulin so as to reduce its effeet (this 
discussed elsewhere).’°  (¢) In some instances liberal quantities of int? 
peritoneal glucose were used either to combat or forestall hypoglycemic shoc 
*Since the completion of this work a study of the antigenic properties of insulin has b« 
reported by J. H. Lewis.” By employing the Schultz-Dale technique, utilizing strips of ut« 
taken from virgin guinea pigs previously injected subcutaneously with 1 mg. doses of beef 
pork insulin, he demonstrated a definite anaphylactic response. He thus showed that sensit 


tion rested not on the proteins of the animal of origin (of the insulin) but apparently upon 
insulin molecule itself. 
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d) In guinea pigs showing no hypoglycemia and not given glucose the question 
of the antihormone effeet of Collip' and others arises. Ilowever, reasonable 
doubts have been cast on the existence of antihormones by the work of Sulman 
with the gonadotropice substance.’> A similar end result whieh may be indistin- 
vuishable from the so-called *‘antihormone effect’? may theoretically be due to 
specific antibodies to the endocrine substance which unite with the antigen and 
thereby impede its action. Such antibodies have not been conclusively demon- 
strated and the explanation of this phenomenon remains to be elucidated. 

Of practical significance is the facet that sensitization to insulin has been 
produced in the guinea pig. In the human being this sensitizing property of 
nsulin might be seen to be more in evidence on resumption of therapy after a 
period of insulin freedom, which permits the sensitization to manifest itself, 
whereas such sensitization had been previously obscured by the frequent thera- 
peutic (and incidentally desensitizing) injections. However, follow-up data 
from cases known to have received insulin intermittently would have to be 
studied to affirm or deny the validity of sueh a theory. Whether the extended 
ise of ery stalline and protamine insulin will produce more frequent or less fre 


quent sensitizations to insulin remains to be seen, 
SUMMARY AND CONCLUSIONS 


1. (iuinea pigs injected parenterally with commercial and crystalline insulin 


reacted with anaphylaxis on subsequent intravenous injection. 





2. Guinea pigs sensitized by subcutaneous or intravenous injections of 
nsulin reacted with varying degrees of anaphylactic shock at intervals of three 
and six weeks following sensitization. The first shock at three weeks was gen 
erally less severe than the second at six weeks. using’ the same shock dose of 
insulin, 
3. When the guinea pigs were sensitized with a combination of horse serum 
and insulin, fair degrees of anaphylaxis to insulin were obtained from a shoeking 
dose three weeks after the last sensitizing injection. 

4. The questions of insulin’ resistanee and insulin’ hypersensitivity are 

‘iefly considered. 
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THE RELATIONSHIP OF INSULIN HYPOGLYCEMIA TO THE 
METHOD OF ADMINISTRATION AND THLE TYPE 
OF INSULIN 


Joserpu B. Kirsner, M.D., AND CLARENCE BERNSTEIN, Jr. M.D., Cutcaco, 


i pony recent discovery of protamine insulin and the increased availability 
of crystalline insulin have given origin to many reports concerning varia 
tions in their hypoglycemogenice effects. In a study of certain of the Immuno 
logie features of insulin, incidental observations were made which were con 
sidered worthy of record. For example, it was noted that those @uinea pies 
injected subcutaneously developed typical hypoglycemic reactions In one ane 
one-half hours to two hours, whereas those receiving insulin (commercial o1 
ervstalline) intravenously during the sensitization period did not exhibit this 
phenomenon. The discrepancy was not easy to explain since the animals were 
treated under identical conditions and with the same insulin dosage. This 
observation led us to investigate the possible mechanism of such differences 
The likelihood of a prompt combination of the injected insulin with the cires 

lating blood suggested that a not too remote parallel might be obtained by 

mixture in vitro of serum and insulin prior to injection. A study of the 
blood sugar responses following the injection of such a mixture and of oth 


of insulin was made and constitutes the basis of t!] 


standard preparations 
following report. 
EXPERIMENTAL, 
Vaterials and Methods. seven rabbits, average weight y, ke, were used for the ass 


the great majority of the determinations being done, however, on 4 rabbits. Each rabbit 


injected at different times with 10 unit doses of the various insulin preparations recor 


below by subcutaneous and intravenous routes, An interval of at least forty-eight | 

elapsed between injections in any one animal. Some of the rabbits were used for 14 separ: 

studies, and 2 animals were used only twice. \ minimum of five studies was made in 
*From the Department of Medicine, Division of Allergy, University of Chicag« 
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e of commercial insulin intravenously and the maximum of fourteen was completed with 
mmercial insulin subeutaneously. The number of experiments with any one preparation 
is determined largely by the consisteney with which the curves could be reproduced. Those 
eparations wii enve rather variable results were subjected to more determinations in order 
» arrive t significant average level, whereas consistently similar responses on every assay 
bviated the necessity OF more numerous determinations, Blood was drawn from the eat 
ein by a micropipette at thirty inute intervals for blood sugar determinations by the micro 
ethod of Hagedorn and Jensen. The animals were interchanged as to types of insulin em 
loved. Each period of observation lasted two and one-half to three hours, unless interrupted 
ypoglycemic reactions requiring supplementary glucose. Equal parts of insulin (10 units ) 
sulnea pip sel were mixed in sterile test tube and allowed to stand at room tempera 
” r several hours until use No precipitate was noted. This procedure was carried 
W he the ( l and ervs line insulins Guinea pig blood was obtained by 
puneture nd after separation of e clot, the serum was drawn off and stored in the 
a tor fot - aaa equire res serul vas obtained at frequent intervals, The 
in-seru Xtures were prepiare before ea eW series Was run 
q insulin was obtained from several sources, each of Ww h had previously standardized 
prep on ding to the om set) forth in e New and Non-Official Remedies. 
se bran of insulin are in common use everywhere and for that reason were not standard 
by us. Dr. H. Jensen, of the Johns Hopkins University School of Medicine, kindly 
ppc we the powdered erystalline insulin used in the early studies, One milligram 
s insulin represents the equivalent of 24 units, and the solution was prepared by dis 
nye ( ated int in O.OOL hvdrochtlori iid, so that O.1 e«.e. of the solution econ 
ed on nit of insulin Wi e indebte to EB. R. Squibb and Sons, who, through Dr. 
n Kk. And nh, one s two } tic preparations of commercial insulin derived from beef 
nerens 
i nten 223 U pe 
nitrogen content O.007T5 O01 me. po 
< unit content 1) U per 
nitrogen content O.O074 or, pM ‘ 
! rede k Stearns Company generously supplied a quantity of crystalline insulin, 
nits pr with a nitrogen content of 14 per cent (dry crystals) and assay approxi 
° vy 24 to 25 units per milligram. The results are based upon 54 experiments comprising 
‘ y sey ! ‘ ble ls | fete mn hots I ( expressed as the percentage drop in blood 
using 100 per cent as the fasting level (see Table I Studies on protamine insulin 
no l ( 
| EJ 
AVER A EL OF BLoop Su \r VARIOUS INTERVALS IN THE EXPERIMENT EXPRESSED 
TERMS OF PERCENTAGE O} (EF ORIGINAL Boop SuGar 
: COM COM wana CRYSTAI Coren. CRYSTAL- 
MERCIAL Hite ee LIN] 
: _— MERCI MERCIAI corners ate LINE LINE mouknt 
est F INSULIN SSULIN 16 w wate INSULIN INSULIN Reapers 
10 1 10 U 10 1 10 Uv : 
SUB NTRA} a SUBCUT OSTRAY, SERUM 
SUBCU SUBCUT 
8 10.12 35.67 14.55 18.01 3().35 
76 24.71 50.06 39.15 53.05 69,42 8] 
112 19.20 67.54 16.48 19.95 53.97 12.47 
148 17.12 56.18 $1.08 {8.84 55.18 27 10 
218 94.35 8.50 13.80 
age per 16.70 51.006 10.095 19.042 54.074 35.932 
drop pel 
perimental 
riod 
Since the completion of this work, H. Blotner has reported a similar study on protamine 


which he found the hypoglycemogenic potency of this 


serum, 


lin 
tion 
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RESULTS 
Objectively, commercial and erystalline insulin produced definite hypo- 
elycemic effects within one to two hours. The erystalline preparation was in 
general more effective. Commercial insulin plus guinea pig serum likewise 
elicited unmistakable insulin reactions. Crystalline insulin plus guinea pig 
serum produced the least number of reactions. In decreasing order of hypo- 


elycemogenic potency were: 


1) Crystalline insulin intravenously, (2) commercial insulin intravenously, 
3) crystalline insulin subeutaneously, (4) commercial insulin subcutaneously, 
©) commercial insulin plus serum subcutaneously, and (6) erystalline insulin 
plus serum subeutaneously. (Insulin plus serum intravenously was not studied 


in this experiment. ) 
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Chart 1. Hypoglycemic effect (in the rabbit) of commercial and ervstalline insulin alone 
when “combined” with guinea pig serum, computed as a percentage drop in blood sugat 
(;uinea pig serum subcutaneously. 
s _ + Crystalline insulin plus serum subcutaneously. 


Commercial insulin plus serum subcutaneously. 
Commercial insulin subcutaneously. 
Crystalline insulin subcutaneously. 
kind a Commercial insulin intravenously, 
Crystalline insulin intravenously. 


Several points of interest can be gathered from the chart of the blo 
sugar curves (Chart 1), obtained by averaging the findings in the various 
groups of studies. The most rapid drop oceurs after intravenous injection 
crystalline insulin which is maximal at an average of about seventy-eig 


minutes after injection. Commercial insulin intravenously acts only slight 
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more slowly, reaching its maximum ‘Slow 7 at an average of one hundred and 
twelve minutes. This is in distinet contrast to the previous clinical reports 
(on subcutaneous injection®*). The curves for subcutaneous crystalline and 
commercial insulin show that by subcutaneous route crystalline insulin is still, 
albeit she¢htly, more hypoglycemogenic than commercial. The ‘‘combined”’ 
insulin-serum preparations showed the least effect. Both were still distinetly 
hypoglycemogenic, the activity of crystalline insulin being slightly more re- 
duced by such combination. The effect of the manipulative procedure with- 
out insulin was studied as a control, and no appreciable alterations in blood 
sugar were noted. Guinea pig serum used alone as an additional control 
caused a slight drop in the blood sugar level (see Chart 1) without observable 
reaction. 

It was interesting to note the blood sugar level at which convulsions ap- 
peared (see Chart 2). The average level was about 35 me. per cent, with the 
majority of convulsions appearing when the blood sugar ranged from 30 to 


20 me. per cent. Occasionally blood sugar levels within and below this ranee 
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rt 2 The blood sugar level at which 24 observed insulin convulsions appeared in the rabbit 
hen the blood sugar was 73 and 66 me. per cent, respectively. Several 
observers” © have felt that the convulsive level in the usual rabbit assay is 
not uniform and that the appearance of convulsions does not necessarily coin- 
ide with a reduction of the blood sugar to 45 mg. per cent. It is not at all 
inlikely that of equal importance to the absolute level is the gradient, or 
ite of drop, of the blood sugar. The above results, however, agree fairly 


osely with the convulsive range of 50 to 26 me. per cent obtained by Dotti.‘ 
COMMENT 


It is of considerable interest that, in contrast to the earlier reports in 
uman beings in which erystalline insulin given subcutaneously was shown 

have a slower but longer hypoglycemogenic effect, we find that in the 
ibbit the effect of crystalline insulin is not only in general more prompt but 
‘less duration than the commercial preparation. This is also counter to our 
servations in guinea pigs that the intravenous injection of erystalline and 
mmercial insulin was less likely to produce clinical hypoglycemia. In the 


ibbit the blood sugar curves show a greater drop with intravenous crystalline 





sulin than with any other preparation. Whether this may be explained on 

















Q48 rHeE JOURNAL OF LABORATORY AND CLINICAL MEDICINI 


the basis of a more gradual gradient in the drop in blood sugar, albeit to a 


lower level, or whether there is a true species difference between guinea pigs 
and rabbits in their reactions to insulin is not clear. An ever-present hazard 
in interpretation is the possible discrepancy in the unit assay by the manu- 
facturers of the various types of insulin used. Since their methods are stand 
ard and their products in general clinical use, it was felt that re-ass iv would 
be unnecessary, particularly in view of the fact that these data were gathered 
secondarily to an investigation of the immunologic properties of insulin. 
The reduced effect of insulin combined with serum also raises several ques 

tions. These have to do primarily with the mechanism of this reduction. Is 
there an ‘‘antigen-antibody’* union which inactivates insulin?) Does insulin 
combine with the constituents of the serum to reduce its hypoelycemogenic 
effect? Is there a so-called ‘‘antihormone’’?!’ Or is: insulin potency lost 
through enzymatic breakdown? It has been reported that normal humat 
blood destroys the effect of crystalline insulin after incubation for several days 
at 37° C. Blood corpuscle-free serum has a similar though less intense effect 
Inactivation of the blood serum by heating at 56° C. nullifies this destructive 
effect. Leucoeyvte-rich blood from leucemias has a more destructive action on 
insulin than normal blood. Similar studies have been made with blood fron 
diabetic patients. Mauriac and Aubertin.” and Karelitz and his co-workers! 
have reported that diabetic plasma neutralizes insulin in vitro to a greate) 
extent than does normal plasma. They felt that this neutralizing substance 
was trypsin. Black,'' on the other hand, could not confirm these observations 
Possibly trypsin forms inactive adsorption complexes with insulin; this um 
doubtedly occurs in vitro in strongly acid solutions.'= Inactivation of insulit 
has also been accomplished by removing part of its sulfur content ;! this 
not too remote a possibility since Jensen and his associates!? have shown that 
the hypoglycemogenic property of insulin is associated with certain di-this 

S-S-) groupings present, in part at least, as combined eystine. This labil: 
sulfur may unite in some way through molecular rearrangement with thi 
serum with which it is mixed so as to alter appreciably the hypogiveemogeni 
effect. The existence of an anti-insulin'® ' has been hypotheeated by sever: 
investigators, but as vet the existence of antihormones is without corroborate 
experimental foundation.'’ Experiments are now in progress by which son 
of the obscurity concerning this phenomenon may be elarified. With it ar 
perhaps bound up some of the more bewildering phases of so-called insul 
resistance. As a method of attack on the problem it is not without son 
promise. 


SUMMARY AND CONCLUSIONS 


1. The effects of commercial and crystalline preparations of insulin 
the blood sugar of the rabbit were studied. Comparisons were made betwes 
the effeets of subcutaneous and intravenous injection. 

2. Crystalline insulin in the rabbit produced a greater drop in the blo 
sugar and one less sustained than did commercial insulin. This difference was 


greater on intravenous than on subcutaneous administration. 














rate 
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3. Guinea pig serum in combination with each type of insulin reduced the 


» of hypoglycemogenesis but, unlike protamine insulin (current reports), 


did not substantially prolong it. Crystalline insulin suffered the greater re- 


duction in potency. 


4 
\ 


t The theoretical implications of the work are discussed. 
The uthors wish to acknowl e the valuable technical assistance of Mi Ann Prodehl 
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COMPARISON OF THE ANTIPERNICTIOUS ANEMIA POTENCY OF 
DEPEPSINIZED AND UNDEPEPSINIZED GASTRIC MUCOSA* 


Samuer Morrison, M.D... Baturimore, Mp. 


|* ANOTHER communication’ we are reporting some of our studies on 





pernicious anemia including an inquiry into the rédle of pepsin. We observed 


4 


depepsinized whole stomach mucosa, depepsinized fundus mucosa, and 


epepsinized pylorus mucosa, obtained from the hog’s stomach under proper 
mditions for preserving antipernicious anemia poteney and prepared accord- 


» to the Greenspon process, were all practically inactive in the treatment of 


*From the University of Maryland School of Medicine. 
Received for publication, November 17, 1937. 
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pernicious anemia when sources of extrinsie factor were excluded from the diet. 
When extrinsie factor was added there was minimal evidence of antipernicious 
activity in the patient fed with adequate amounts of depepsinized pyloric 
mucosa, but not in the patients fed with similar doses of depepsinized whole 
stomach or depepsinized fundus mucosa. 

Since Greenspon® had claimed a higher activation of antipernicious anemia 
potency by depepsinization, we suggested! that the impairment of intestinal 
permeability may have accounted for our inability to confirm his conclusions. 
Moreover, we suggested that the process of depepsinization may not always 
result in the same end product and that whereas in one instance an active 
product may be obtained, in another the product may be inactive. 

It occurred to us that the inactivity of our depepsinized products was so 
striking that another possible explanation seemed equally, and perhaps more, 
plausible than those just mentioned. In other words, though we permitted our 
selves to question quite reasonably the degree of intestinal permeability, we 
could not doubt the adequacy of our sources of extrinsic factor. The possibility 
seemed apparent, therefore, that the process of depepsinization could have in 
activated the intrinsic factor inasmuch as the response to products of known 
potency, though submaximal, was definite enough to rule out the factor ot 
intestinal impermeability. We, therefore, decided to observe a patient with 
pernicious anemia treated with whole stomach material prepared as follows: 
The material was obtained from the slaughter house and preserved in dry ice 
until brought to the laboratory, when it was ground and immediately placed 
in a vacuum dryer, in which the temperature at no time exceeded 40° (. At 
the end of about thirty-six to forty-eight hours, it was further dried to remove 
the last traces of moisture over phosphorus pentoxide and then defatted wit! 
petroleum ether. In other words, the material differs essentially from the 
Greenspon process in that it is simply desiccated dried gastric mucosa without 
any attempt being made to remove the pepsin or to go through the various 
extractions as described by (reenspon. 

If such a product were potent then we could assume that the process oO 
depepsinization destroyed rather than enhanced the poteney of these prepara 
tions. It is important to keep clearly in mind that even if the process of de 
pepsinization inactivated the antipernicious anemia potency of these prepara 
tions that result does not necessarily mean that the absence of pepsin per se 
decreases the potency. In other words, a distinction must be made between 
the physicochemical changes occurring during depepsinization and the theoretic 
removal of pepsin without subjecting the mucosa to any changes which might 
influence the antipernicious anemia potency. 

With these facts in mind we proceeded to treat a patient with typiea 
pernicious anemia with undepepsinized desiccated whole stomach mucosa (se 
Table I). 

The data in Table I (Patient J. L., aged 48 years) show conclusively that this prepar: 
tion is completely satisfactory as a source of intrinsic factor. When compared to the respons: 
of patients treated with depepsinized gastric mucosa (whole stomach, pylorus, fundus 


previously reported,! it would appear that Greenspon’s process in some way results in los 
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Table IL (Patient W. W., aged 63 
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Curiously enough, the depepsinized fundus 
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of 
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TABLE II 


PF RE FF ORAL ADMINISTI ION OF DEPEPSINIZED PyLorUus Mucosa. DIEt CONTAINS 
EXTRINSIC FACTOR 
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l 1.18 2s OD 
4 1.15 28 0.5 Blood transtusion of 350 e 
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The transfusion wa en before it could be countermanded However, it i ipparent 
from the dat that this procedure lid not influence the response 


Errecrt oF ORAL ADMINISTRATION OF DEPEPSINIZED FUNDUS Mucosa, DIET CONTAINS 


EXTRINSIC FACTOR 


DAYS OF HB. RETICULOCYTI 
B.C. , EATMENT 
RATMED PER CENT PER CEN 
1 25 gm. depep. fundus. <A: 
mitted late in evening 
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Transfusion given and intra 
muscular liver begun 


*Patient reported severe nausea ind inability to continue medication. 
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UMMARY 


10 undepepsinized whole stomach administered 


efed maximal as reported by Bethell and Gold- 


hamer., There was no reticulocyte response to depepsinized pylorus mucosa 
administered orally. In a previous report we found a minimal reticuloeyte re 
sponse but, on the other hand, there was no evidence in that report of anti 
pernicious anemia aetivity in the fundus material. In the present instance (see 
Table I11) there seemed to be some poteney in the depepsinized fundus material 
administered This response could, nowever, he due 10 the ereater dosage ot 
the substance administe red or to the seve ity ot the deeree of the anemia or 
to the possibility, previously suggested, that the process of depepsinization may 
not always result in the same end product. Towever, since this patient had 
been active and remarkably free of distressing svmptoms it seems likely that 
he must have been fortunate enough to have a riodie, though Vers mild, spon 
Laneous reticuloey te reactions, that is, minimal remissions. 

Since we had already had oceasion to treat two patients with pernicious 


] 
rif 


stomach without obtainine sufficient evidenee 


of the presence of antipernicious anemia potency in it, we considered those eases 
i. part of the present study in order to make the investigation complete, 

The patients reported in this study were 1 pical instances of pernicious 
nemia. There were no neurologie svmptoms or signs. Achylia was present 
n each instance, 

CONCLUSIO? 
(‘ases of perniclous anemia treated with orally administered depepsinized 
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ppear the 


+ 4 
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itor since extrinsie factor h 
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owever, ot pepsin in pernicious 
idv inasmuch as our investig 


nization is responsible for the 


reenspon’s Process show almost completely nega- 
d, desiccated gastric mucosa, administered orally, 


num reticuloevte Therefore, it would 


response, 


the process of depepsinization inactivates the antipernicious anemia 


other words, it apparently destroys the intrinsic 
n adequate amounts and the 
The 


anemia still remains a problem for further 


ad heen provided | 


itv sufficiently accounted for. exact role, 


ration has only proved that the process oft depep- 


ce 


‘struction of antipernicious anemia activity of 


eSC preparations. 
Nort! To D1 John | \ndersor Direct Bi ical Laboratories, Ik. R. Squibb & Son 
w my t nks f } cooperation. ir upplyvir me with tl materials used in these tudies. 
The exper t} investigation were left ed in part by a grant from the Julius 
nwald R Fund of the Unive ity Maryland, School of Medicine. 
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THE IDE TEST FOR SYPEHILIS® 


A CoMPARATIVE Stupy Witri THE KLINE Heatrep SeruM Tests AND COMPLEMENT’ 
FIXATION Metriuops, Wir ChInicaL EvALUATION IN More THAN 1,000 Patients 


CHARLES Ropert Ret, M.D... anp CLarise BE. Hazay, A.B., New Yorn, N. Y. 


N A RECENT publication! Ide deseribed a new coloring method for the 
| serologic diagnosis of S\ philis. The present paper Is a report on a comparative 
study of this test with the Kline heated serum tests and the complement fixation 
methods with ¢linieal evaluation in more than one thousand eases. The blood 
specimens used in this study were collected from patients in a private dermato 
logieal practice and those attending skin elinies. An additional two hundred 
specimens were obtained from routine hospital patients. 

The details of the test, as originally deseribed by Ide, are as follows: 

Vaterials.—1. Raw serum or whole finger blood. 

2. Diluted Ide antigen. This is prepared by mixing 0.2 ¢.c. of Ide antigen 
with 0.6 ¢.¢. of 2.5 per cent solution of sodium ehloride in a small test tube. This 
mixture is shaken about thirty times. 

3. Specially made hollow glass slides, having three depressions each, with a 
diameter of about 2 em. and a depth of 2 mm., and a glass cover large enough to 
cover the entire slide 

4. Special dropping pipettes, so gauged that they deliver 0.08 ¢.e. of diluted 
Ide antigen, and others to deliver 0.038 ¢.¢. of serum. 

Technique.—1. Place 0.08 ¢.¢. of raw blood serum in one eavity of the special 
hollow glass slide and spread out evenly over entire surface of depression. 

2. Add one drop of diluted Ide antigen directly on to the serum. 

3. Rotate the slide vigorously on a flat surface forward and backward as well 
as sideways for three or four minutes to insure adequate mixture. (In a late! 
communication, Ide recommends prolonging the shaking time to eight minutes 

4. Examine the results through a microscope with the low power. A positiy 
reaction is evideneed by the appearance of purplish colored clumps, while in tli 
negative reaction only tiny purplish bodies are seen. 

Although Ide advocated the routine use of raw sera, he states that such set 


obtained from syphilitic patients with varving amounts of treatment may oce: 
*From the Skin and Cancer Unit, New York Post-Graduate Medical School and Hospit 
Columbia University (Dr. George M. MacKee, Director, Service of Dr. Fred Wise) 
Received for publication, Oct. 20, 1937. 


954 





REIN-ILAZAY : THR IDE TEST FOR SYPHILIS 


sionally give a negative reaction. In such instances he suggests heating the sera 
for twenty minutes. In a preliminary study, the Ide test was done with 26 
raw sera. These sera were then inactivated at 56° C. for thirty minutes, and the 
Ide test repeated. It was found that the inactivated sera gave results which 
were as specific and considerably more sensitive (see Protocol 1). In this study, 
therefore, all the sera for the Ide tests were inactivated at 56° C. for thirty 


minutes. 


\ND HEATED SERUM IDE TESTS 


SERUM IDI HEATED SERUM IDI 


Furthermore, instead of employing the specially made hollow elass slides 
dyvoeated by Ide, there were utilized the paraffin ring slides deseribed by Green? 
r the Kline heated serum test.” These slides measure 2 by 3 inches, on whieh 
e mounted twelve paraffin rings, each with an inside diameter of 14mm. This 
ables the serologist to do twelve tests on each slide. Since Ide advocated the 
reparation of 0.08 ¢.c. of diluted antigen, which is sufficient for thirty tests, and 
satisfactory for use for thirty minutes, the serologist ean do these 30 tests on 
ree Kline test slides at one time. In addition, by using the Kline test slide in- 

stead of the hollow glass Ide slide, the tendency to evaporation is minimized. 

Karly in this study three hundred sera were tested on the Ide and Kline test 

slides with identical results. It was also found that with the Kline test slide as 


‘ll as the Ide slide, the optimal rotation time was eight minutes. 


The modified technique of the Ide test as used in this study is as follows: 


1. Pipette 0.03 ¢.c. of inactivated serum into each paraffin ring. 
Add one drop of diluted Ide antigen (approximately 0.03 ¢.c.). 


Rotate the slides with moderate vigor for eight minutes. 
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t. Read degree of clumping through microscope (low power 16 mm. objec 
tive, evepiece 12) at a magnification of about 120 times, with the light cut down 
as for the study of urinary sediments, and reported in terms of pluses accord 


Ing TO The ck a a of clumping and the SIZE ot the clumps. 
RESULTS 


Compa won Of 10or Idi and Nline Hleated Serum Tt STS. kor this Compara 
tive study, blood specimens were obtained from 1,037 patients by venepuncture, 
and the sera heated at 56° ©. for thirt, minutes. The patients were divided into 
S\ philitic and honsy\ philitie L2roups (see Table | The former vroup consisted 
of 559 patients who either pres nted definite svphilitice lesions, or who admitted ; 
previous svphilitie infection, or who were receiving antisyphilitie treatment at 


‘ . se8 . 
the time ot this stuady 
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The nonsyphilitie group consisted of 482 patients who presented no elinic 
or serologie evidence of S\ philis. The sera of all the patients in this Froup gave 
negative results with both the Kline diagnostic and exelusion heated serum tests 
The specificity and sensitivity of the Kline tests have already been establishes 
by the recent se rologie ceontrerences® held in this country, under the QUSPIEES « 
the United States Public Health Service in cooperation with the America! 
Society of Clinical Pathologists. The details of the Kline diagnostic and ex 
clusion heated sera tests are elven in Kline’s book 

The evaluation of the results of this comparative study was made aecor 
ing to the method of Kahn as follows: positive reactions, four plus, three-p!| 
and two-plus; doubtful reactions, one-plus and plus-minus; agreement, posith 
or negative by both methods; relative agreement, positive or negative by on 
method and doubtful with the other: disagreement, positive hy one method ar 
negative with the other. 

Or 482 nonsy philitie persons whose sera gave neeative reactions with 1 
Kline diagnostic and exclusion test, 444 (92.11 per cent) gave negative reaction 
with the Ide test. In this group there were 37 (7.67 per cent false doubtt 
and one (0.21 per cent false positive reactions with the Ide test. This deme 
strates that in this selected group the Ide test is somewhat less specifie than 


Kline heated serum tests. 


4 





} 
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Of the 555 svphilitie sera, there were 16 (2.88 per cent) disagreements, with 


a resulting total agreement of 97.11 per cent. OF the sixteen disagreements 
fourteen specimens were positive with the 


Kline diagnostic heated serum. test 
and negative with the Ide test, while only two specimens gave negative reactions 
with the Kline diagnostic heated serum test and positive reactions with the Ide 


Test. 


These two specimens, however, gave positive reactions with the Kline exelu- 
sion heated serum test. Thus if the Ide test alone had been used in this Group, 
fourteen cases of syphilis would have been missed. This comparative study dem- 


onstrates that the Ide test Is less sensitive than the Kline test. 


TABLE I] 
COMPARISON OF IpbE T AND COMPLEMENT FIXATION TESTS WITH 837 SERA 
( 17 SEI LIT’: GROUP (490 SERA 
( 1} MSAGREEMED AGREEMEN' DISAGREEMENT 
‘ ‘ POSI NEG 
} rivi ATIVE 
) OMPLE- COMPLI 
I : MEN’ MENT 
— . FIN pc Bape: FIX FIX 
- ATIOD VTL os - ION ATION 
EGA Os NEGA POSI 
rivi TIVE 
ID} IDI ID} 
Source A Source A 
ests Ss 3 11 ” Tests 200 oo 0 l 
Per cent GS.05 22.92 7.04 a9 Per cent SY.69 Y.86 0) O45 
Source B Source B 
rests 129 +] S i Tests ag 7 0) l 
1 el (0.88 | 22.53 139 By - Per cent 9? 52? 6.54 0) 0.94 
si e { source ¢ 
Vests Ss 2 Tests 149 10 0 l 
‘ 2 28 iS. 52 Per cent 93.1 6.25 0 0.62 


Comparison of 837 Ide and Compl ment Firation Methods.—The blood 
ecimens tor this group were obtained from three sourees, and the technique of 
eC complement fixation methods for each source is as follows: 

Source A.—Total volume of serum used in test—0.55 ©. 

Test made with 0.04 and 0.02 ¢.¢. serum with 2.5 units of guinea 
pig complement 

Antigen—0.2 per cent cholesterinized alcoholic extract of beef 
heart. 

Amboceptor—diluted according to titration. 

(‘orpuscles—sheep, diluted 1:20. 

Sensitized cells consist of three parts of amboceptor and two 
parts of 5 per cent sheep cell suspension, 

Incubation—F irst, overnight icebox, and seeond, fifteen-minute 
water-bath at 387° ©. 

Source B.—Total volume of serum used in test——-0.5 e@.e. 

Test made with 0.05 ec. and 0.02 ¢.¢. serum, with 2 


2 units of 
guinea pig complement. 
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Antigen—cholesterinized aleoholie extract of beef heart. 

Amboceptor—Diteco, diluted 1:1000. 

Corpuscles Sheep, diluted 1:20. 

Ineubation—First, one hour water-bath at 387° C., and seeond, 
fifteen minutes water-bath at 87° ©. 

Nource C.—Test made with serum varying in amounts from 0.1 ¢.c¢. to 

0.05 ©.e. 

Complement—guinea pig, diluted 1:10 and used in amounts 
varying from 0.2 ¢.¢. to 0.3 ©.¢. 

Antigen—two plain alcoholic extracts of beef heart. One 
cholesterinized aleoholie extract of beef heart. 


or 


Ineubation—First, thirty minutes water-bath 387° ©., then two 
and one-half hours icebox, second fifteen minutes wate) 
bath 87° © 
Amboceptor—diluted according to titration and used in amounts 
varying from 0.05 to O.1 ©... depending on amount ol! 
natural amboceptor present in each patient ’s serum, 


(‘orpusecles sheep, diluted 1:20, used in 0.5 ¢.e¢. amounts. 


The results (see Table I1) show that the Ide test was somewhat less sensitive 
and less specific (with three nonspecific positive reactions) than the complement 
fixation methods. 


COMMENT 





The Ide test' is a simple test and easily performed. The antigen consists 0 
an aleoholie extract (95 per cent aleohol) of beef heart musele containing 0.2 
per cent cholesterin. To 100 ©.e. of this cholesterinized alcoholic extract 
added 5 ¢.c. of a 5 per cent solution of gum benzoin, and 0.1 ¢.¢. each of a 1 per 
cent alcoholic solution of crystal violet and azure IL. In this study (comparisor 
of Kline and Ide tests) the Ide test (antigen supplied by Dr. Ide) done wit 
this erude aleoholic extract of beef heart, gave only one (0.21 per cent) false 
positive and 37 (7.67 per cent) false doubtful reactions with sera from 482 car 
fully seleeted presumably nonsyphilitie persons. The Ide tests performed wit 
a commercially prepared antigen, however, gave results that were considerabl) 
less sensitive than those obtained with antigen supplied by Dr. Ide. 

Ide antigen is a plain aleoholie extract antigen which contains a numbe! 
of substances some of which are responsible for nonspecific reactions. Kit 
antigen is the acetone insoluble fraction only of aleoholie extract and contains 


no water, aleohol, or acetone soluble impurities. 
CONCLUSIONS 
1. A modified technique of the Ide test is described. 


2 The modified Ide test has been found to be somewhat less sensitive at 


less specific than the Kline heated serum tests and complement fixation methods 
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A RAPID METHOD FOR STAINING BLOOD SMEARS 
A MopiricatioN OF THE ORIGINAL Wrictir TECHNIQUE 
LEON Henri GoutpperG, M.D., Nyack, N.Y. 
IIS method is particularly useful to the general practitioner. It may, 
however, be employed in larger hospital laboratories where time is a factor. 


The stain I have used is the original Wright’s stain. It may or may not be 


fresh, eool, or stale. 





After the smear has been made, place it in a convenient position over a 
receptacle of distilled water, or hold it in a simple thumb forceps. I, person- 
ally, fill a six-ounee drinking glass three quarters full of distilled water, and 
rest the slide on the edges of the glass. 

(1) Cover the smear entirely with the Wright solution in stock. Leave it 
on for about ten seconds. 

(2) Ienite the stain and let it flame for about ten to twenty seconds. 

(3) With a suitable object, a pencil, a small rod, or any other such artiele, 
cause the flaming slide to fall into the distilled water, or drop it from the for- 
ceps into the container of distilled water. 

(4) Remove, dry, and it is ready for use. 

Only the nucleated cells will stain deeply. It is of interest that the nuclear 

aterial shows very much more detail than the ones stained according to the 
classie procedure. The red blood cells, however, are stained poorly by this 
‘ method. No attempt to study them should be made at all. 
In surgical eases, where a differential blood count is called for at once, this 
ethod is probably the most rapid, and yet as efficient at least as any we have 
present. 
A thin to medium streaked blood smear is the best to use for this method 


of rapid staining. 





Received for publication, Oct. 14, 1937. 










































A PRACTICAL STAIN FOR THE SPIROCHETES 


VINCENT’S ANGINA 


Ok SYPHILIS AND 





Harry D. Baitey, Sc.D., Los ANGELES, CALIF. 


Hie following method ot staining Trepone nla pallidum and Borre lie rincenti 

is simple, rapid, and reliable. 

Diagnosis of syphilis by quick staining of serum exuding from a seraped 
lesion, or of tissue juice drawn by needle from a deep portion of a svphilitie area 
is of value beeause all organisms present can be observed. The method deseribed 
stains the S\ philis germs in these fluids de« ply: in cases where spirocli tes are Tew 
in number and dark-field tests fail to reveal them, smears stained by this method 
show the organisms plainly. It also vields equatly good results when applied to 
aspirated testis juice of rabbits that have been artificially infected with Trepo 
nema pallidum. 

Demonstration of Borrelia vincent? in ulcerative inflammation of moutl 
and pharynx is made easy by this method of staining. The spirochetes stain as 
deeply as other bacteria present. 

The procedure is as follows: 

1. Make a direct smear of the svphilis serum or tissue juice on a clean slide 
In ease of Vineent’s angina, spread the ulcerative material in a small loopful of 
water on a clean slide. 

2. Air dry. Fix with heat. 

3. Cover with N/20 HCl for ten seconds. 

$. Wash in running water for five seconds. 

5. Cover with Gram ’s iodine solution for five to ten seconds. 
6. Wash. 

7. Cover with aniline-gentian violet for five to ten seconds. 


S. Wash. 





9 Cover with Grams iodine solution for five to ten seconds. 
10. Wash. 
11. Cover with aniline-gentian violet for five to ten seconds. 


12. Wash, blot, and examine. 


The following suggestions are in order: (a) Gentian violet without anilin 
oil may be used. (b) A very deep color ean be secured by applving the iodir 
and gentian violet solutions a third time. In staining 7. pallidum this proeedu 
is often of advantage. (¢) The stain is not permanent, but this does not alter f 


diagnostic value of the method. 


Received for publication, February 15, 1937. 
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A COMPARISON OF METHODS FOR THE PRESERVATION OF THE 
HEMOLYTIC ACTIVITY OF GUINEA PIG COMPLEMENT* 


J. EK. Faber, Jr., Po.D., ann L. A. Buack, Pxo.D., CoLLEGE Park, Mp. 


HIRE or more guinea pigs are usually bled to obtain a uniformly satisfae 

tory complement. Often some of this fresh complement is left over, and 
nless special methods for preservation are used the serum rapidly deteriorates. 
The use of suitable methods of preservation eliminates the necessity of bleeding 
animals each time complement is needed and allows utilization of guinea pigs for 
serum at times when large numbers are available. Since there is a wide diver- 
vence of Opinion regarding suitable methods for preservation of complement, it 
scemed desirable to study some more widely used methods and modifications these 
suggested. 

Shirvindt and Liberman' advocated the addition to fresh complement of 10 
er cent crystalline sodium chlorate with 4 per cent crystalline boric acid for 


Storage ji 


{ room temperature, and for storage at 5° C., the addition of 10 per cent 
crystalline sodium acetate with 4+ per cent crystalline borie acid, reporting both 
reserved complement equally well. Sonnenschein? stated that complement was 
better preserved by using 10 per cent sodium acetate with 4 per cent boric acid 
han by 10 per cent sodium chloride with 4 per cent boric acid. Mirdamadi and 
(iiese’ preserved fresh guinea pig serum satisfactorily by adding an equal amount 
12 per cent sodium acetate containing 4 per cent boric acid. Austin? found 
at a 25 per cent salt solution would preserve complement for two to three 
eeks when stored in an ordinary test tube at icebox temperature. 

Ginsburg and Kalinin® found full complement activity retained for three to 
our months at room temperature when 10 gm. of sodium chloride with 4 gm. of 
ric acid were added to 100 ¢.e. of guinea pig complement, using these in dry 
vm rather than in solution as most other investigators had done. The same 
vorkers® reported the use of 5 per cent strontium chloride with 4 per cent boric 
id was satisfactory. Ruffner’ reported that 10 per cent sodium acetate or 

sodium chloride with 4 per cent boric acid was the best of many preservative 
ibstances studied since complement so treated kept four weeks with little change. 
Complement diluted to 40 per cent with a 12 per cent sodium acetate solution 
de up in physiologic saline retained its activity for three months at icebox 
mperature, and for several weeks at room temperature, according to Rhamy.* 
lle pointed out that acetate was not ‘‘antibacterial,’’ since growth took place 
en serum was contaminated, but that it preserved complement in some way by 


physicochemie action which involved entering into a loose combination with the 





*From the Department of Bacteriology, University of Maryland. 

Based on a portion of a thesis submitted to the Graduate School of the University of 
ryland by the senior author, in partial fulfillment of the requirements for the degree of 
tor of Philosophy. 

Received for publication, Oct. 2, 1937. 
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complement. Ronchese’ added 0.04 em. of sodium thuoride per ¢.c. of complement, 
and found that its hemolvtie activity remained constant during the first five days ; 
it decreased **two-fold’’ during the next five days, and ‘*three-fold’” during the 
third five days. 

Kolmer'® investigated sixteen methods for the conservation of complement 
He concluded that sodium chloride (0.17 gm. for each e¢.¢. of complement) and 
storage at a low temperature vielded the best results. He recommended. the 
method of Neill, who added 0.1 ¢.¢. of a saturated sodium chloride solution to each 
«ec, of fresh complement when dilutions of 1:10 were used, and reported satis 
factory preservation for two weeks when treated complement was kept at a low 
temperature. Kolmer' advocated the use of 25 per cent sodium chlorid 
when a complement dilution of 1:30 was used. The National Institute of Health 
reported complement preserved by the addition of O.1 ee. of saturated sodium 
chloride solution to each ¢.e. of serum maintained a satisfactory titer for six 
weeks. Complement preserved with 17 per cent sodium chloride with 0.25 per 
cent chinosol to maintain sterility kept the activity of the complement at its 
original level for twenty days according to Glover.’ 

Using hydrogen, nitrogen, carbon monoxide, and carbon dioxide to displace 
air, Valley and MeAlpine'* found only carbon dioxide valuable in preservation, 
complement titer remaining unchanged for several months. Valley'’ explained 
this preservative action was due to creation of conditions favoring reduction and 
preventing oxidation. 

Ruediger'® '* used glycerol and freezing for preserving complement and re 
ported Rhamy ’s method of preserving by sodium acetate a failure. Norton, Bar 
field, and Falk'® found that at 37° C. complement completely deteriorated in 
about three days; whereas at 4° to 6° C. the original titer was maintained fo 
forty-eight hours. When frozen and held at —10° C., it was usable for two wecks 
Complement kept at —12° C. retained its hemolytic power for six weeks accord 
ing to Browning and Mackie.'’ Bigger®’ determined the loss of activity of guine: 
pig serum at 50°, 40°, 30°, 20°, 9°, and 1.5° C. and found more rapid losses 
occurred as temperature increased, 

Dean?! failed to preserve complement titer in a dried form after precipiti 
tion with aleohol and ether. Flosdorf and Mudd®? reviewed the development 
of drying as a method for the preservation of complement and described a pr 
eedure and apparatus for the preservation of sera, miscellaneous proteins 
enzymes, viruses, and bacteria in ‘‘lvophile’’? form. Complement preserved | 
this method was best stored at 2° to 6° C., and storage for at least ten months 
did not result in a detectable drop of titer. Eagle, Strauss, and Steiner®* fow 
complement dehydrated from the frozen state, using the Flosdorf-Mudd aj 
paratus, retained its full hemolytic activity throughout the experiment (eig 
months) stored at 2° to 6° C. Boerner and Lukens** used ‘*lyvophile’’ comp! 
ment prepared from the pooled sera of 10 to 50 guinea pigs and obtained great 
uniformity, little waste, and avoided the necessity of obtaining fresh compleme 
during the summer. These same workers later®® reported that ‘*lvophile’’ cor 
plement stored at 8° to 10° C. retained its full hemolytie power for twelve months, 


some deterioration appearing after a year. 
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Greaves and Adair®® recently deseribed a procedure for the desiccation of 
antisera, complement, and bacterial cultures, which were frozen by rapid evapora- 
tion ina high vacuum in the presence of phosphorus pentoxide. Pooled comple- 

lent preserved by this process over a four-month period maintained a titer com- 


parable to fresh complement. 


EAPERIMENTAL 


Vaterials. Complement was obtained from healthy male or nonbreeding 
female guinea pigs, all one vear old or more. These were housed in an animal 
jouse and fed a complete commercial feed, whieh was removed cighteen to twenty- 
four hours before bleeding. The sera of from 6 to 15 animals were pooled to 
lake up the sample. The sample of Lyo Complement* was reported to have 
been prepared trom the pooled sera of fifty males. 

In obtaining the blood for complement, guinea pigs were lightly etherized 
and 2 ¢.c¢. of heart blood withdrawn. This was placed in a sterile agglutination 
tube, slanted, allowed to stand at room temperature for one hour and then placed 
na refrigerator (7° to 9° C.) for twenty-four hours before the titer was de- 
termined. Each sample was centrifuged to obtain clear serum. 

Corpuseles were obtained from a ewe, blood from the jugular vein being 
aseptically aspirated into a 30 ¢.¢. syringe and immediately expelled into a 
sterile flask containing glass beads, shaken for about ten minutes to defibrinate 
the blood, and refrigerated. The corpuseles were washed the same day, three 
times or more, paeked by centrifuging for twenty minutes, made up to a 50 
per cent suspension, refrigerated, and used within two davs. The corpuscles 

ere made up to a 2 per cent suspension in saline for use in the tests. 

The same antisheep hemolysin was employed throughout the experiment. 
Frequent titrations showed that no deterioration had taken place. Saline?’ 
was prepared by dissolving 8.5 em. C. P. sodium chloride and 0.1 em. magnesium 
chloride in cold tap water, makine up to one liter in volume, and autoclaving 

fifteen pounds’ pressure for thirty minutes. 

Various samples of complement, in 3) ee. portions, were stored in sterile, 
rubber-stoppered, glass vials with the exception of samples preserved with carbon 
dioxide, whieh were plugged with eotton. One cubic centimeter samples were 
used for freezing experiments. Sera receiving 0.04, 0.05, 0.1, 0.17, or 0.25 em. of 
a chemical preservative per cubie centimeter were considered as containing 4, 5, 
10, 17, or 25 per cent, respectively. Time consumed for removal from the 
refrigerator, sampling, and returning was approximately two minutes for 
refrigerated samples. All samples of fresh complement were stored at both 
room and refrigerator temperatures unless otherwise noted. Room temperatures 
ranged between 21° and 26° C. and electric refrigerator temperatures between 
7 and 9° (., except when the freezing compartment was used, which was ap- 
proximately —S8° ©, 

Complement Titration Complement was titrated by determining the least 


ount necessary to bring about complete hemolysis of 0.5 ¢.c. of 2 per cent sheep 


*Printed circular LR-44 accompanying packnged serum, Mulford Biological Laboratories, 
p & Dohme, Philadelphia, Pa. 
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cells with two units of hemolysin. Complements were returned to isotonicity 
in diluting them 1:10, 1:20, or 1:30 according to the method of preservation 
Unless otherwise noted, a 1:10 dilution was used, the amounts ranging from 
0.06 ¢.¢. to 0.30 «¢., with a 0.02 ¢.¢. interval. When other dilutions were neces 
sary O.1 «ec. to 0.6 «ce. of 1:20 and 0.1 to 0.9 of 1:30 were used, with a 0.05-¢.¢ 
interval. The total volume was made up to 3 ¢.¢. with saline. Saline, hemols SIN, 
and complement controls were set up for each titration, and results were read 
after one hour’s incubation in a water-bath at 387° © 

In determining the effeet of various methods of preservation on hemolytic 
titer, 0.30 ¢.e. of a 1:10 dilution, or its equivalent, wus considered as the titer 
bevond which complement would be valueless in complement fixation reactions 
All titration figures given refer to the use of complement in dilutions of 1:10 
Tables 1, IT, 111, and 1V, contain the results obtained with the various methods o| 
preservation, including the time at which the end points were reached, or at 


which the samples were depleted or contaminated 
FRESHL COMPLEMEN'I 


Controls.— Three samples of complement, in duplicate, were stored without 
the addition of any preservative. Unpreserved complement held at room tem 
perature had decreased in titer bevond 0.30 ¢.¢. by the third or fifth day, wher 


titers were determined. Less decrease occurred in the refrigerator, a titer bevond 





0.30 ¢.e, not appearing until the tenth or twelfth day, although probably o« 
curring sooner since there was an interval of one week between titrations 


Table I 


TABLE I 
HeMouytic Tirer oF UNPRESERVED MI 
Results Expressed in ¢.c. of a 1:10 Dilution 
‘| (,} 
TES FRESH MT RATION DAY 
PLA } 
' ) 10 2 
I 0.04 Refrig. LTS O30 
Roon O30 
1] 0.06 Refrig. O.1S oo 
Room O50 
Il 0.08 Refrig. 0.14 O30 
Room O50 


Carbon Dioride.—Three samples of complement, two in duplicate, were pr 
served by displacing oxygen in the containers with carbon dioxide. The samp! 
was placed in a evlindrical museum jar, a vaselined rubber gasket applied, ai 
the top, which had two openings, was clamped shut. Carbon dioxide was ada 
through one opening and oxygen was foreed out through the other, and aft 
approximately three minutes, when practically all oxygen was displaced, 1 
openings were closed. Two sets were maintained at room and _ refrigerat 
temperatures while the third was kept only in the refrigerator. The titers 
both samples kept at room temperature had decreased more than half at the er ( 


of the first week. Samples held in the refrigerator were superior to those 





room temperature since the first sample maintained its original titer for th 
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weeks, and when depleted at thirteen weeks had dropped only 0.06 ¢.c. in titer. 
The other refrigerated sumples eave wood titers for three weeks and four weeks 
samples 3 and 2 respectively 
Sodium Acctate A 12 per cent solution of sodium acetate in 0.80 per cent 
sodium chloride was prepared and sterilized. Duplicate samples were prepared 
by mixing four parts of complement and six parts of the acetate solution, the 
mixture containing approximately S per cent sodium acetate. A 1:20 dilution 
Was pre pared for titration. Our results would indicate that at room tempera 
we this method was not useful, as the titer dropped 0.12 ¢.c¢. at the end of 
one week. At refrigerator temperature the original titer was approximately 
maintaimed lor two weeks: atter to ir weeks there Was a diff rence ot only 0.04 
we, and atter nine weeks only 0.07 ¢.c. Accordingly this method at refrigerator 
emperatures preserved complement for nine weeks when the original sample 
vas sufficiently active 
Two samples of 10 per cent sodium acetate with boric acid were prepared in 
luplicate, one by adding O.1 em. of sodium acetate and 0.04 em. of powdered 
borie acid to each cubie centimeter of serum: the other, Hy substituting 0.03 em. 
erystalline borie acid for 0.04 em. of powdered borie acid. This was done 
ecause some precipitate was noticeable in the first sample and the crystalline 


verte acid went into solution much more readily. The first sample at room tem- 


erature held its o1 ginal titer for one wee k, and durine the next two weeks the 


ter dropped only 0.02 Ge The seeond sample dropped 0.04 ¢.¢. at the end of 


) 


one week without further decrease through the fifth week. .A reasonable titer 
as maintained at room temperature for three weeks. Storage at refrigerator 
temperature gave better results, both samples dropping only 0.06 ¢.¢. during six 
reeks’ storav 
Sodium Chloride. A saturated solution of C. P. sodium chloride was ster1- 
rod and one sample in duplieate prepared 1, adding 0.1 €.c. tO each c.c. of serum, 
e mixture containing approximately 8 per cent sodium chloride. At refrigerator 
temperature the complement held its original titer for two weeks and although the 
ter more than doubled by the sixth week due to originally high titer the eomple- 
ent was still relatively active. At room temperature, the original titer was 
aintained for one week, more than doubled during the second week, and by 
ree weeks reached the selected limit. 
Sample S pre pared with 10 per cont sodium chloride with boric acid were 
eated as with 10 per cent sodium acetate with borie acid. A considerable differ- 
ence between samples at room temperature was noted; the first deteriorated 
pidly, while the second varied only 0.02 ¢.¢. from its original titer over a period 
five weeks. Held at refrigerator temperature, the first sample kept its original 
ter for two weeks, but doubled it during the third week, and at the end of 
en weeks a difference of 0.10 ¢.¢. was noted. The second sample showed a 
difference of 0.02 e¢.c. for the first six weeks and 0.06 ¢.¢. at the end of eleven 
eks. The two samples had the same titers at seven weeks, but the actual loss 
of potency was greater in the first sample, emphasizing that only sera of high 
ers should be preserved and stored, an observation frequently made during 


is experiment. 
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(orie samp In duplicate containing 7; per cont sodium chloride was pre- 
pared by dissolving O.17 em. of sodium ehloride in each eubie centimeter ot 
serum. A dilution of 1:20 was prepared for titration. This preserved comple 
ment had approximate ly its original titer both at room and refrigerator tem 
perature for one week. and I the end of the second week the titers were still 
equal but 0.06 ce poorer After that, the titer of the sample stored at room 
temperature was far inferior to that held at refrigerator temperature, which as 
sured preserving action for at least six weeks. 


One sample in duplicate containing 25 per cent sodium chloride was prepared 


by dissolving 0.25 em. of sodium ehloride in each cubie centimeter of serum. —A 
1:30 dilution was prepared for titration. At room temperature the titer re 


mained within 0.04 ¢.c¢. of the original for the first two weeks. At refrigerator 


temperature the ti 


er remained approximately the same for two weeks, and was 
slightly more than double at the end of six weeks. Although doubled, the titer 
then was of such streneth that it could be considered usable, because again this 


original sample was of high titer. 


Sodium Salts (Miscellancous).——Two samples of complement preserved wit! 
10) per cent sodium chlorate with hore a id were pre pared 1h) duplicate Hy add 
ne 0.1 ol. ot sodium chlorate and 0.04 ll) ervstalline bore acid to each eubie 
centimeter of serum. No preservative action was shown at either room o1 
retrigerator temperature. 

One sample in duplicate containing / per cent sodium fluoride was made up 
by mixing 0.04 em. of sodium fluoride with each cubie centimeter of serum. This 
method did not preserve complement activity at room temperature, but whet 
stored in the refrigerator, maintained the original titer for two weeks. At thi 
end of six weeks the titer was nearly double but still usable. 

Other Nalts Two sample sot 5 per cont strontium chloride with boric acid 
were prepared in duplicate by adding 0.05 em. of strontium chloride and 0.04 
om. Cry stalline borie acid to each eubie centimeter of serum No pore servativi 
action on comple ment was shown at either room or refrigerator t mperature. 

(rn sample in duplicate containing 3 per cent magnesium sulfate was ak 
pared by adding 0.05 gm. magnesium sulfate to each cubie centimeter of serun 
Room temperature storage proved of no value, while at refrigerator temperatur 
the original titer was maintained for one week, was half at the end of the secon: 


week, and by the fourth week it was over 0.30 ¢.c. 

Freezing.—Six 1 ¢.c. samples were placed in the freezing compartment o 
an eleetrie refrigerator at a temperature ot approximately ‘ C. lor eae 
titration a sample was thawed and diluted 1:10. This complement was usabl 
at the end of the first week, but by the end of two weeks the titer had more thar 


doubled All ot the above results are shown in Table Il. 


DEHYDRATED COMPLEMENT 


Dehydration —Eight 1 ©¢.c. samples were dehydrated for three hours by t 
freezing-dehydration method of Flosdorf and Mudd. ‘our samples were held 
at room temperature and four in the refrigerator. This complement whi 


restored had a titer of over 0.30 @.¢. at the end of the first month stored at roo 
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temperature, and a titer of 0.26 ¢.¢. when stored in the refrigerator, reaching a 
titer of over 0.30 ¢.e. at the end of the second month. 

One 3 ee. sample in duplieate dehydrated for ticnty-two hours*® and stored 
in the refrigerator had a titer when restored at the end of the first month equal 
to the original fresh serum, the duplicate likewise giving this titer when examined 
it the end of four months. The 5 ¢.c. sample of Lyo Complement (Sharp and 
Dohme) used, the original titer and age of which were unknown, gave a titer of 
0.12 ee. The above samples were restored by the addition of distilled water, 
nd diluted 1:10 for titration. 

Dehydration and Salting.—One 5 ee. sample of complement in duplieate 
vas dehydrated twenty-two hours, first adding 0.15 ¢.¢. and 0.30 ¢¢. of a 17 per 
cent salt solution respectively, and stored in the refrigerator. When restored to 


sotonicity and diluted 1:10, the sample with 0.15 e«.¢. had a titer at the end of 


rABLeE II 
H ol TITER « Dt RA eo 
Results Expressed in I 1:10 Dilution 
ORAGI 
Sif ’ ATIC MONTIIS 
\ ] 2 | 
Delivdrated 3° hours (vin Refrig. O26 0.20) 
Rav ) 1) 
l) lrated vv | irs 
Sample J 10 Refrig. O10 
Sample 2 O10 Retfrig. 0.10 
Delvdrate ~! hours 10 Refrig 
|) vdrated 22 hours?t O.10 Refrig. O10 
| Complement (restored 0.32 Refrig. Vee and titer of original unknown 
Unsalt 
Salted with 0.15 ce. ind O30 cic. of 17 per cent sodium chlor e respectively before dehy- 


the second month equal to the original fresh serum, the duplicate containing 
0.50 ce. likewise giving this titer when examined at the end of four months. 
The results on all the above dehydrated complements are given in Table IIT. 

Restored Dehydrated Complement.—A portion of Lyo Complement, restored 
fo its original volume but undiluted, was stored in 1 ¢.c¢. amounts at —S° C. in 
freezing compartment of the refrigerator. When thawed at the end of one 
week a 1:10 dilution gave a titer more than double that of the original, and 
another examined after three weeks was over 0.30 ¢.c. 

Another portion of Lyo Complement was preserved with 70 per cent sodium 
Chioride with boric acid by adding 0.1 gm. sodium chloride and 0.03 em. of 
crystalline borie acid to each cubie centimeter of restored serum and refrigerated. 
Wien diluted 1:10 at the end of the first week, the titer was 0.08 ¢.c. lower, and 


ly he end of the third week 0.10 ¢.¢. lower. 


Through the kindness of Dr. Harry Eagle of the Johns Hopkins Hospital, four samples 
mplement (two unsalted, one salted with 0.15 c.c. of 17 per cent sodium chloride solution, 


me salted with 0.30 c.c. of 17 per cent sodium chloride solution) were dehydrated for 
tw ty 


two hours 
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; 


A sumple of restored unsalted complement Was preserved with 7: per con 
sodium chloride by addine 0.17 om. OL sodium chloride to each cubie centimetel 
and stored in the refrigerator. When diluted 1:20 at the end of two weeks, the 
titer had decreased 0.05 ¢.c. 

Curbon dioxride was used to preserve the remainder of the restored twenty 
two-hour cd hydrated sample to which O.1o «ec. of 17 per cent salt solution had 
been added following the procedure used with fresh complement This was 
stored in the electric refrigerator and restored to isotonicity before preparing 
1:10 dilutions. The titer decreased one-half at the end of the first week and 
remained the same for six weeks. 

The above results on restored dehydrated complement are shown in Tabl 


L\ 


Lvo Sodiul 
Compl chlorick 
ment Bori 


DISCUSSION 


Results with carbon dioxide do not agree entirely with those of Valley 
MeAlpine,'* but it did preserve complement in a relatively active state for 
least three weeks at refrigerator temperature. Sonnenschein? found sodi 


acetate preserved complement better than sodium chloride. Our results indic 


that if kept in the refrigerator a reasonable titer was maintained for at least 


weeks when preserved with either, one not being superior to the other in on 
stanee, while in another slightly better results were obtained with sodium acet 
At room temperature three of four samples were usable for three weeks. Sodi 
chlorate was not satisfactory, differing from the results of Shirvindt and Li 
man' who advoeated 10 per cent sodium ehlorate with 4 per cent boric 


but our results did accord with theirs, indicating the adequaey of 10 per | 
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sodium acetate with 4 per cent borie acid Likewise we can agree with Rufiner 

that 10 per cent sodium acetate or sodium chloride, with 4 per cent boric acid, 
s among the better methods for preserving complement. Our findings would 
not indicate that complement kept at room temperature maintained full activity 
or three to four months when preserved in this manner as reported by Ginsburg 
and Kalinin.” Their samples, however, were stored in darkness, while ours were 
na glass cabinet exposed to ordinary light in the room. 

Magnesium sulfate had only limited preserving power, and that only at 
refrigerator temperature. Contrary to Ginsburg and Kalinin,’ strontium e¢hloride 
ailed to show any preserving action, our results agreeing with Ruffner. 
Saturated sodium chloride gave results that are nearly in accord with those ot 

e National Institute of Health,'? and indicate that a reasonably strong comple 
ment can be preserved for a six-week period if the original titer is high. JA 


sutistactory complement was preserved six weeks by treating with sodium 


{] iwride and refrier rating, results materially better than those reported Hy 


Ronchese 
When comple ment was frozen in the ice compartment Ob an electric 
retrigerator, its titer would indieate that it could not be considered usable more 
ana week. Our results do not agree with those of Browning and Mackie,'* who 
sed a storage temperature of —12> C. and found hemolytic power retained for 
six weeks \ 12 per cent sodium acetate solution preserved complement at a 
isable titer for nine weeks when stored in the refrigerator, not equal to that 
ound by Rhamy* but indicating, contrary to Ruediger,’® that the method is 
iluable. 
When a l PO dilution iS desired, our results showed that Lé per eent sodium 
loride, as reported by Kolmer,'’ was a useful method, reasonable amount of 
reserving action existing for at least six weeks at refrigerator temperature. Al- 
ough approximately half of the activity was lost by the sixth week when pre 
ved with 25 per cent sodium chloride and stored in the refrigerator, thre 
er was such that it was usable, agreeing with Kolmer. 
The activity of complement was preserved little if any when trozen and 
Nn dehydrated for only three hours. When unsalted complement Was dehy 
ited twenty-two hours, a titer equal to that of the original sample was main- 
ned for four months at refrigerator temperature, the longest time that an) 
vdrated complement was stored. Our results on dehydrated complement 
ee with those of Flosdorf and Mudd, Eagle, Strauss, and Steiner,?* and 
joerner and Lukens?’ and were superior to those secured with the other methods 
used. Samples preserved by salting and dehydration, when restored at the 
nd of two and four months, had a titer equal to that of fresh serum, indicating 
salting and dehydration was superior to any chemical methods tested. 
Whether dehydrated complement after restoration to its original volume 
ld be preserved by some method effeetive with fresh complement was next de- 
nined. If so, sueh a method might prove valuable for the small laboratory 
re some complement remained after restoration and immediate needs. 
ezing in the ice compartment of a refrigerator was of limited value, similar 


esults obtained with fresh complement. Ten per cent sodium chloride and 
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borie acid did not preserve restored complement as well as undehydrated serum, 





nor did carbon dioxide or 17 per cent sodium chloride, although the latter was 





slightly superior. The complement could be considered usable after preservation 





and storage at refrigerator temperature by any of these three methods for at 








least three weeks, although half the complement activity was lost in all cases. 







CONCLUSIONS 





| bh pare served complements stored at room temperature were hot usable when 





first titrated after three days, refrigerated samples not dropping as rapidly 





Storage in a refrigerator was also much superior to room temperature for all 







preserved complements. 





Strontium chloride and sodium chlorate with borie acid did not prove of any 






value as a preservative for complement at either room or refrigerator tempera 





tures. Magnesium sulfate had limited preserving power at refrigerator tem 





perature, 





At room temperature a satisfactory titer of complement was maintained 






with 10 per cent sodium acetate with boric acid for three weeks, and with on 


of two samples of 10 per cent sodium ehloride with borie acid. A saturated 







sodium chloride solution preserved satisfactorily for ohne week and al 17 or 20 





per cent solution preserved for two weeks. At room temperature neither 12 





per cent sodium acetate solution nor 4 per cent sodium fluoride preserved satis 






ractorily, 





At refrigerator temperature a satisfactory titer was maintained for not mor: 






than nine weeks preserved with a 12 per cent sodium acetate solution, and fo 






six weeks with 10 per cent sodium acetate (or sodium chloride) with borie acid 


a saturated sodium chloride solution, 17 and 25 per cent sodium choride, or 4 







per cent sodium fluoride. 


When carbon dioxide almost completely replaced the oxygen in a clos 





container in which complement was stored, rather high hemolytic titer was man 






tained for at least three weeks at refrigerator temperature, but storage at room 






temperature was unsatisfactory. 





l’reezing maintained fresh complement at a usable titer for only one wei 


and failed entirely to preserve restored frozen-dehvdrated complement. 






Preservation by freezing and dehydration of salted and unsalted con 





plement for twenty-two hours, followed by storage in the refrigerator, gave t 





best results, maintaining the original titer for four months, the duration 








storage. Dehvdration for only three hours of unsalted complement was 1 






sul isfactory ; 





lor preserving left-over restored frozen-dehydrated complement 17 per « 






sodium chloride was most desirable if a dilution of 1:20 was desired. Carb 





dioxide or 10 per cent sodium chloride with borie acid was found satisfact: 





when a 1:10 dilution was preferred. 





Most methods for the preservation of complement did not maintain 





original titers upon storage for any considerable time. Accordingly, ft 





complement for preservation should originally have a high titer. 
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A UNIVERSAL LABORATORY SHAKER 


J. M. FepER, M.D., ANDERSON, S. 


Hike appliance here deseribed was designed to meet the needs of the average 


clinical laboratory for an efficient shaking unit, universal in scope. 

Though there are several shaking machines on the market and each per 
forms its particular function in a more or less satisfactory manner, it is quite 
apparent that none make any attempt to inelude features applicable to each 
and every shaking operation. 

Increasing inroads on the workers’ time by various precipitin reactions fon 
S\ philis, vaccines, and allergic antigens all call for some mechanical aid whereby 
this burden ean be somewhat lightened. 

With the end in view of making an appliance that would embrace all labora 
tory operations of this nature, we made an inventory of the various uses to which 
such an apparatus would possibly be put. This list was headed by the Klin 
slide precipitin test for sy philis. This most serviceable reaction is coming to the 
fore and its well deserved popularity impressed me at once with the facet that 
first of all the apphance must be arranged to handle these slides. The Kling 
test is performed in many laboratories as an eliminative reaction to safeguard 
recipients in cases where transfusions of blood are required. Usually these are 
emergencies. It takes four tedious minutes to turn these slides by hand. Wi 
found that the technician could make excellent use of this precious time while 
a properly adjusted machine agitated the slides, more effectively than this 
could be done by hand, as it gives accurate, methodical shaking, eliminating the 
uncertain personal equation. 

Next in importance, we considered the Kahn test. Here a vastly different 
type of motion is required. While in the Kline test, we require a gentle, semi 
rotary motion, here we require a vigorous to-and-fro shake with the machin 
opened wide. Along this same line of thought we ineluded vaccines and allergic 
antigens. The former needs no comment. <All too often we spend mans minutes 
attempting to shake smooth a rough vaccine. In regard to the latter, some 
not all laboratories are being called upon, or soon will be called upon, to prepar 
various extemporaneous allergic extracts from time to time. Most common o 
these is house dust. It is the opinion of this writer, based upon observation 
that while it takes several days to extract a dust with intermittent agitatio1 
the molecular friction obtained by shaking one hour at high speed in the app 
ratus deseribed will suffice. 

Perhaps most important of all is the proper shaking of blood-countit 


pipettes. Errors in the performance of this little task properly lead those cor 





*From the Laboratories of Anderson County Hospital. 
Received for publication, Sept. 1, 1937. 
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mitted in most clinical laboratories. Few indeed are the technicians equipped 
with sufficient perseverance to spend the required three minutes agitating these 
little tubes by hand As a consequence many blood counts vary outside of the 
permissible clinical range. While we freely admit that in the average case, an 
error of a thousand or so in a white count is possibly of no grave importance, on 
the other hand, to those like ourselves, who are engaged in some allergie diagnostic 


work, this much error would completely nullify the value of our leucopenie index. 


























Fig. 2 1, Kline slide holder and nut for its removal: B, rack for holding four blood 
int pipettes: C, main shaker table, for Kahn racks and miscellaneous articles; D, rheostat 
speed control; EF, speed indicator; F, snap switch, “off” and ‘on.’ 


this estimation, we pay some attention to a fall of 500 leucoeytes and attach 
definite importance to the fall of 1,000.' 


It will at once be apparent to all workers that we required a vastly different 


S 


roke to properly shake these pipettes than we did to rotate a Kline slide or to 


pidly agitate a rack of Kahns or a bottle of vaccine. 
Summing up to this point, then, it will be seen that arrangements would 


ve to be made to take care of at least four types of operation. The slow, gentle 
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rotation of the Kline slide a rapid, to-and-fro shake for Kahn racks, the adapta 
tion of this same carriage that would hold these so that a small vaccine or other 
bottle could be accommodated. Finally, the problem of imparting to a rack of 
blood-count pipettes a combined shaking and rotating motion 

The apparatus finally assembled to perform these tasks is driven by a ls 


horse-power motor. Quite obviously there is an optimum speed for each shaking 


operation, consequently the motor is controlled I a rheostat and number o 
revolutions per minute noted on a speed indicator. This motive power and con 


trol are enclosed in a housing. Mounted on lop of this is the shaking unit proper 


























as illustrated. Fig. 1 shows the machine with all attachments in place. These ¢: 
each be readily removed as required. In this picture one Kline slide is note: 
on left end. Arrangements can be made to place as high as four of these slid 
holders on housing. Fig. 2 shows close-up with key letters designating vario 
parts. ie. 38 shows all attachments removed except the sliding bar with whi 
the shaking tray is equipped. This adjustable bar is designed to hold any obje: 
from two Kahn racks to one 2 ¢.e. test tube. It is freely movable and easi 


locked in place by two knurled nuts. Fig. 4 shows the appliance being used : 








a Kahn shaker, carrying two fully loaded racks 
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The unit is exceedingly well balanced and vibration has been further re- 
duced by mounting the apparatus on four vacuum cup rubber feet. Thus an 
annoying feature common to most rapidly moving machinery has been prac- 
tically eliminated. 

Optimum speeds have been determined by experiments to be as follows: for 
the rotation of Kline slides about 125 r.p.m.; for pipette shaking about 225 


r.p.m.; and for shaking Kalhns, vaccines, ete., 250 r-p.m. 
CONCLUSION 


A simple, practical, timesaving universal appliance, designed to meet every 
conceivable clinieal laboratory need for an effective shaking apparatus has been 
discussed. 


This apparatus is manufactured and distributed by Phipps and Bird, 916 EK. Cary St., Rich- 
mond, Va. 


Since completing this article we have had the opportunity to make several observations 
concerning the use of this appliance in connection with the Kline test. We are convinced that 
its use has added materially to the specificity of this reaction in our hands. This has been so 

itisfactory with the ordinary Kline diagnostic test that we have felt justified in eliminating 
the more complicated Exclusion test. 

It has been noted that we have departed from the annoying doubtful reaction, since by 
the use of this mechanical rotation the reaction either breaks completely or else smooths out 
into a perfectly negative test. 

We have found that gently mixing the serum and antigen, slightly spreading out within 
the ring, using a toothpick, has added materially to our results. 

Optimum rotation time has been determined to be five minutes, and optimum speed at 
from 100 to 125 r.p.m. 

Gratitude is hereby expressed to Dr. Warren T. Vaughan of Richmond, Va., Dr. Frank 
Wrenn, Medical Director of this Hospital, and to Mrs. Nan Stewart, my chief technician, for 
their aid and helpful suggestions in perfecting this instrument. I am also most grateful to the 
engineering staff of Phipps and Bird for their untiring zeal in assisting with the designing and 

sembling of the working model. 
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A LOW-TEMPERATURE EV APORATOR® 





DANIEL S. STEVENS, Pu... Cricaco, [un 


ANY substances, especially those of biological interest, are sensitive to 
temperature and so can best be isolated or concentrated with the aid ot} 

evaporation at low temperature. The machine shown in Fig. 1 has proved to 
he a rapid and convenient device for this purpose. 

A metal tube (1) about 22 em. in diameter and 150 em. long is made into a 
vacuum tight chamber by soldering a cap (2) on one end and fitting a gasket 
sealed door (3) on the other end. A plate (4) carries the dishes which hold the 
material to be evaporated. In our case these are five standard Pyrex trays 26 ¢m 
by 16 em. by 5 em. Ten flat iron heating units are fastened to the under side ot 


the plate (two in series under each dish 

































































Fig. 1.—Low-temperature evaporator for laboratory use. 


A refrigerating coil (5) occupies the top of the cylinder. This is made « 
three loops of 2 em. copper tubing, having a length of 120 em., which is 30 ¢1 
shorter than the chamber, to leave space for tall flasks. The coil can be coole: 
to about —20° C. by the “4 H.P. refrigerating unit (6). The chamber is evacuat 
by an oil pump (7 

To charge the machine, about 500 ¢.c. of solution is placed in each dish. T 


refrigeration unit, which is automatic in operation, and the vacuum pump a 


turned on. The interior is illuminated by an electric light, so that the dishes e: q 
be observed through a window in door (3). When the pressure in the cham! l 
has been reduced to the vapor pressure of the solution, the liquid boils. Th: 


pump is then stopped and need not be operated again. The current throu: 
the heating elements is set at a value that will maintain the desired temperat! 
in the dishes. 


*From the Department of Medicine, University of Chicago Clinics. 
Received for publication, Oct. 26, 1937. 
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The vapor from the solution condenses on the refrigeration coil. After the 
desired amount of evaporation has occurred, the dishes are removed and a long 
metal tray put in their place. The refrigeration unit is stopped and the coil 
defrosts into the tray. 

If it is desired to evaporate the solution from the frozen state, the pumping 
is continued intermittently until it has turned to a solid. A thermoelement 
fastened to the side of a dish can work a relay in the heating circuit. A satis- 
factory element is a mereury thermometer with electrical contacts sealed into it. 
These can be obtained for operating at different temperatures, and standard re- 
lavs have been designed for use with them. The thermoregulator is especially 
valuable when evaporation of the frozen material is required, 

The machine deseribed will evaporate in twenty-four hours about 2,500 ¢.e. 
of water at 8° C. About half this quantity of ice can be evaporated in the same 
time. The rate of evaporation rises rapidly with inereased temperature and 
can also be increased by defrosting the coil more than once a day. 

Vapors such as benzene and water will freeze on the coil without difficulty. 


Sometimes other volatile constituents are present. Ammonia gas will freeze with 








— =o 


ala —, § 


Fig. 2 Arrangement for evaporating low-freezing liquids. 














e ice without trouble. The vapor from an aleoholic solution may have a 
reezing point lower than the temperature of the refrigeration coil, especially 


ince the vapor is much richer in alcohol than the original solution. In this 


4 


case, liquid condenses on the coil and drips hack into the dish. 


However, alcoholic solutions ean be handled by using the arrangement 


f 


hown in Fig, 2.) A tray with a reservoir is placed between the dish and the coil 
» catch the liquid that drips down. The presence of about 5 per cent aleohol 
the solution is desirable for easy defrosting. This concentration can be frozen 


on the coil and the low melting layer next to the coil causes the ice to break away 


adily upon defrosting. 
This machine is one of moderate size for laboratory use. A few machines 


ve already been built of varying size. Their use on various products has shown 


lesirable changes in sensitive materials. The product obtained from the evapora- 
m of ice is very finely divided. Solutions, either liquid or frozen, ean be 


evaporated from the inside of ampoules. 


The author is indebted to Dr. George F. Dick and Dr. Gladys H. Dick for suggesting the 
truction of this machine, and the Scarlet Fever Committee for its financial support. 














COMBINATION MICROHEMOPIPETTE* 


FoR DETERMINATION OF THE SEDIMENTATION Rate, PACKED CELL VOLUME, AND 
FRAGILITY OF ERYTHROCYTES, ESPECIALLY ADAPTED FOR USE IN CHILDREN 
AND SMALL LABORATORY ANIMALS 


Katrsust Karo, M.D., Pu.D., CHieaco, Tun. 


N BOTH clinical and experimental studies of the blood such procedures as the 
estimation of the sedimentation rate, of the packed cell volume, and of the 
resistance of ervthrocytes against various hemolytie substances, are increasing] 
being employed as a means of obtaining necessary information for accurate 
diagnosis and prognosis of anemic states. For the routine red cell count the use 
of standard blood diluting pipettes and counting chamber is now so well estab- 
lished that further improvement seems unnecessary. For the determination 
of the hemoglobin content of the blood several excellent methods are widely 
used with entire satisfaction, particularly those based on colorimetrie principle 
of acid hematin (Newcomer, Haden-Hausser, Sahli, Hellige and Hellige-Win- 
trobe). But for the less frequently emploved tests the instruments as well as the 
methods are so diverse and some even so cumbersome that great difficulty is 
experienced in selecting a procedure suitable for all purposes. A perusal ot 
the rapidly growing literature dealing with the numerous devices and techniques 
for hematocrit, sedimentation, and fragility tests naturally suggests a need 
for the simplification and standardization of the instrument, incorporating 
the essential features inherent in each existing method. A combination or all 
purpose microhemopipette here described has been devised in an attempt to ful 
fill this particular need. A serious attempt has been made to meet the four 
fundamental requirements which all improved laboratory methods should 
possess: (1) simplicity in both the instrument and in its manipulation, (2 
maximum accuracy, (3) universal applicability, and (4) manifold usefulness 
In a comparatively brief period of time during which this new pipette has 
been used for various tests, I have found it to be satisfactory and timesaving 
especially suitable in pediatric practice. The present report is merely a descrij 
tion of the instrument and the various methods of its use; the actual results 
of investigation, together with normal standards for each of the tests for whir 
this pipette ean be used, will be reported in subsequent publications. 


DESCRIPTION OF THE PIPETTE 


The pipette is a straight capillary tube of about a 5 mm. outside diamete 
with a uniform bore of slightly less than 1 mm. diameter, and 12 em. in lengt! 





*From the Department of Pediatrics, the University of Chicago. 
Received for publication, Nov. 1, 1957. 
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(Fig. 14). The proximal end of the pipette tapers to a diameter of approxi- 
mately 4 mm. so as to facilitate the attachment of the ordinary rubber suction 
tubing used for blood pipettes. The distal tip of the pipette is ground down to 
a diameter of approximately 2.5 mm. As measured from the distal tip, the 
portion actually used for observation is from 9 to 10 em. in height, and is 
graduated into 100 equal parts of about 1 mm. each. The content of the bore 
so graduated is calibrated to hold exactly 50 ¢.mm. of blood. Since the aecuraey 
of this volumetrie calibration is given first consideration in the manufacture of 


the pipette, the actual height of the used portion of the bore varies inversely 
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1.—Combination microhemopipette (Kato). 1, Pipette: B, metal frame. (Two-thirds 
actual size.) 





according to the diameter of the bore in a given pipette. Thus by actual ealeula- 
fion it is found that only when the diameter of the bore is 0.79 mm. does the 
‘ight of the used portion of the pipette approach 10 em. for 50 ¢.mm. of volume 
ntent. Since absolute adherence to this particular ratio would be relatively 
stly in manufacturing the instrument and inasmuch as the small amount of 
viation from this ideal proportion is not detrimental to the macroseopie 
interpretation of the results, a tolerance of 1 em. in height is permissible with- 
it saerificing the essential accuracy of the pipette. Two series of graduation 


imbers are etched on either side of the linear markings of the pipette, one series 














982 rHE JOURNAL OF LABORATORY AND CLINICAL MEDICINI 


on the left side (10, 20, 80, 40, and 50, reading upward) designating the volun 
content of the bere in cubie millimeters, and the other on the right side (0, 1, 2, 
3, 4,9, 6, 7, 8, and 9, reading downward) indicating the percentage figures when 
one cipher is added. 

For centrifugation of the pipette a special metal frame has been evolved 
(Fig. 1B). This frame is constructed of a narrow metal sheet (brass or stain 
less steel), 14, inch thick and *, ineh wide, welded together at one end into a nar 
row rectangular shape, the total length being about 13 em. and the width about 
Lem. The clearance space is thus just sufficient to accommodate the pipette 
The inner surface of the bottom of the frame is provided with a small metal eup 


which receives the distal end of the pipette ; the proximal end of the pipette is im 
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Fig. 2. \ set of six combination hemopipettes in metal frames placed in vertical position on 
specially devised rack. 


mobilized by a similar metal cup at the top of the frame, which is made adjustabl 
by means of a small screw, approximately 2 em. long, manipulated by a thum 

piece outside the frame. Both the upper and lower metal cups are cushione: 
with small cireular pieces of hard rubber to protect the tips of the pipette against 
breakage. The pipette is always inserted into the frame in a horizontal positior 
since the content of the pipette may be easily lost in vertical position. After t] 

pipette is securely held in position, the frame and the pipette are set up in a suit 
able rack at vertical position (Fig. 2). For the sedimentation rate readings 
the fall of the erythrocyte colume is noted at desired intervals; it is then plac 

in a 6 ineh centrifuge cup and the packed cell volume obtained after fifteen to 
twenty minutes of centrifugation at 2,000 to 3,000 revolutions per minute. A 
special technique is required for the fragility test of erythrocytes, which will be 


reported later. 
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METHIIOD OF OBTAINING BLOOD SAMPLES 


Capillary blood is) recommended for performing various. tests with the 
combination pipette, although venous blood, whenever available, ean also be used 
with equal satisfaction. Venepuncture in infants and young children, or cardiac 
puneture in small experimental animals (rats, guinea pigs, and rabbits), is less 
convenient than pricking the finger or ear lobe. The object of the micropipette 
method is to enable the worker to perform various tests from the same small 
amount of blood readily obtainable by eapillary puncture. From 0.2 to 0.3 ¢.c. 
of blood is sufficient for performing all necessary tests, including sedimentation 
rate, packed cell volume, and hemoglobin determination, as well as red and white 
cell counts. With this amount of blood even the fragility tests can be performed, 
providing every drop can be utilized without waste. Skill and speed in manipula- 
tion, acquired after a little practice, will enable the worker to perform a sur- 
prising number of tests by the use of this pipette, using as small an amount of 
blood as is obtainable from a capillary puncture. 

As a receptacle for the blood sample a hanging drop slide with a central 
depression (15 mm. in diameter and 38 mm. in depth) is the most convenient. 
The surface of the depression is previously coated with a 2 per cent solution 
of oxalate mixture and dried. The oxalate mixture may be prepared by dis- 
solving 0.8 gm. of potassium oxalate and 1.2 em. of ammonium oxalate in 100 ¢.c. 
of distilled water (Heller and Paul'). The drops of blood from a puneture 
wound are received into the oxalate-coated cup of the slide and quickly agitated 
by means of a fine glass rod. The depression of a hanging drop slide of the 
above-mentioned dimensions holds, when filled to the brim, approximately 0.5 
ee, of blood. The worker must make sure that no coagulation has taken place 
before removing the sample to the laboratory for study. Ina dry or warm season 
or climate the slide should be placed at once in a moist chamber (such as a 
Petri dish with a moist filter paper placed at the bottom) to avoid evaporation 
of the blood. 


OTHER USES OF THE PIPETTE 


Sinee the bore of the combination hemopipette is accurately calibrated, it 


n be used for obtaining precisely measured amounts of blood for various 





\ lantitative tests for which micromethods are available. The pipette is especially 
seful for removing@ samples of blood for use in the acid-hematin method 
emoglobinometers. Thus for the Newcomer apparatus, exactly 10 ¢.mm. of 
st blood is transferred into a test tube containing exactly 5 ¢.c. of 1 per cent hydro- 
chlorie aeid. Similarly for the Sahli apparatus, exactly 20 e.mm. of blood is 
: placed in a Sahli tube containing a measured amount of a N/10 hydrochloric 
acid. For other echemieal analyses of the blood, particularly estimation of blood 
0 cholesterol, glucose, and minerals, the combination hemopipette offers a con- 
ed nient means of obtaining accurately measured quantities of the blood. 
to In serodiagnosis of syphilis an increasing number of micromethods are being 
\ devised (micro-Kahn? and eapillary Hinton* tests), and the technique of mixing 


the serum and the antigen in specified amounts will be greatly facilitated by the 





use of the combination pipette. More recently Isaacs* devised a cell count method 
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using bone marrow obtained at either autopsy or biopsy, and the technique of 
mixing the marrow material and the diluting fluids can be accomplished with 


relative ease by use of the combination pipette. 
ADVANTAGES OF COMBINATION HEMOPIPETTE 


The combination microhemopipette here briefly described is recommended to 
clinieal and laboratory workers for more extensive trial and use on the basis of 
its distinetive advantages, summarized as follows: 

(1) Being a eapillary pipette, it requires only a small quantity of blood 
such as is obtainable by the routine skin-puncture method, without recourse to 
venepuncture in human beings or to cardiae puncture in small animals. This 
is an important practical consideration, particularly appreciated by pediatricians 
and by experimenters using small laboratory animals. 

(2) The combination pipette with its metal frame, itself simple in con- 
struction, requires no additional laboratory equipment other than the ordinary 
tvpe of centrifuge capable of a speed of 2,000 to 3,000 r.p.m. If for any reason 
the centrifuge at hand cannot develop a speed exceeding 2,000 r.p.m., a longer 
time must be allowed for complete packing of the red cells. 

(3) The manifold usefulness of the combination pipette is attested by the 
fact that it ean be utilized for the determination of the packed cell volume, of 
the suspension stability of erythrocytes, and of the fragility of red blood cor- 
puscles against hemolytic substances. The pipette can also be used for removing 
precisely measured amounts of blood for various quantitative studies, particular] 
hemoglobin estimation by the acid-hematin method. It may also be used to ad 
vantage in mixing the serum and antigens in specified amounts in carrying out 
the microprecipitation tests in the diagnosis of syphilis. 

(4) The universal applicability of the combination pipette to all types ot 
hematologic examination in all age groups, but particularly in infants and 
small animals, facilitates performing the cell volume, sedimentation and fragility 
tests more frequently than is convenient with the more elaborate and cumber 
some techniques, which in turn materially contributes to a more accurate diag 
nosis and prognosis of anemias. It is suggested that the combination micro 
hemopipette be made a part of the regular hematologic equipment for routin« 
procedures. 
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USE OF DAPIINTA IN STUDY OF CATHARTIC ACTION*® 
WILLIAM TINSLEY, CHICAGO, ILL. 


cia use of daphnia as an experimental animal is not new, as its availability, 

inexpensiveness, and ease in culturing make it an attractive form for study. 

Daphnids have been used widely in Russia! and some work has also been done in 

England with them? and in Canada,* mainly in the purely biologie field. Its 

reactions have been studied by these observers under the influenee of various 
itritive media, light, and heat. 

Arno Viehoevert has, to our knowledge, been the first to use daphniae as a 
meahs ot bio assay. Ilis published work on Aloe Kvaluation suggested the use ot 
daphniae for the study and evaluation of eatharties, and his method was tried at 
first: but we found it necessary to modify it to a certain degree to obtain more 
consistent results in our hands. 

Daphnia magna, the preferred species for this work, is a minute crustacean 
belonging to the family Daphniidae, tribe 2, or Anomopoda (characterized by 
» or 6 pars of trunk limbs, the first two pales more or less prehensile ) of sub- 
rder 1, the Calyptomera (carapace completely enclosing body and limbs), 


l 


e Cladocera, suborder 4+ of the erustacean subelass Branchio- 


| eh by lone's ae) {| 


roar 


Cl PURING OF DAPHINIAI 


After a study of the various types of culture media suggested by Banta’ 
nd Viehoever,? we have come to use the infusion prepared with dried sheep 
anure (Whizard brand), as suggested by Viehoever. It is to be understood at 
e outset that different batches of the culture medium will vary to a greater or 
ess degree in constituents; but that, if it is prepared in the same way each time, 
nv error Is comp nsated for im the course of a sufficient number of observations. 


Preparation of Culture Medium.—Whizard brand dried sheep manure is 


sed in the proportion of 1 em. to every 1,000 ¢.c. of tap water. A large con- 
tainer, preferably of earthen ware, is filled with chlorine-free tap water, and 
he required amount of the dried manure is placed in a small gauze bag and 
ispended in the water. After twenty-four hours the bag is removed. The water 
as usually turned a deep brown color at this time, but only a small number of 
fusoria and bacteria is present. The fluid is allowed to stand another twenty- 
our hours at room temperature, and at the end of this time a mieroscopie exami- 
ation is made for infusorial forms, whieh not only serve as food for the daphnia, 
it also indicate that the medium is suitable for the development of minute ani- 
al forms. The growth should be quite abundant by this time. If it is absent 
nd does not show up by the end of another day, the contents of the container 


re disearded and the container itself is thoroughly serubbed, as the inhibition 


*Krom tl Laboratory of Pharmacology and Therapeutics, University of Illinois College of 
edicine Assisted by a grant from the Phenolphthalein Research, Inc. 
Received for publication, Nov. 8, 1937. 


985 












































9S6 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


of infusorial growth after seventy-two hours is usually due to some contamination 
of the erock or water, sufficient to render the medium unsuitable for culturing of 
daphniae. We prepare and use for stoek cultures fresh culture medium weekly, 
as the fauna and flora change on prolonged standing. 

Placing the manure in a gauze bag eliminates the necessity of straining the 
liquid to remove exeess organie matter that might cause decomposition of the 
medium. The resulting almost clear fluid is of light brown color and contains an 
abundant supply of fodder organisms necessary to maintain a healthy well-filled 
gvut in the daphnia. When the daphniae are first placed in this medium, or 
when they are changed from one culture medium to the other, the gut may be 
come emptied, and it may require a period of time to refill. For this reason 
daphniae whieh are onee started in a sample of culture medium should be left 
in that sample, and water from that sample be used in the particular experi- 
ment with the daphniae taken from it. The effeet on the metabolic rate of the 
daphniae resulting from changes in the culture medium due to aging of the 
medium and also due to changing to water of different sources or temperature, 
has been reported upon in an article by Warren.* 

Because of the susceptibility of the daphniae to chlorine, it is necessary, as 
previously indicated, that the tap water used be free from chlorimation. 

It is advisable to check on the hydrogen ion concentration of the medium. 
Viehoever suggests the addition of an excess of caleium carbonate to the culture 
water to aid in maintaining an even pH.* In the course of experiments on thi 
effect of pH changes on daphniae, we found that the culture medium itself has 
a tendency to maintain a pil of about 8.0. For more complete information on 
the effeet of hydrogen ion concentration on daphniae, one might consult Klugh’s 
work with buffer solutions of dibasie sodium phosphate and sodium acetate. 

Selection of Test Daphniae—Mature daphniae are placed in large eulture 
jars containing the medium.* Care must be exercised not to put an excessive 
number of daphniae in a given quantity of fluid. Crowding upsets the metabolic 
rate, probably due to insufficient oxygenation, resulting in lowered heart rate, 
inereased susceptibility to unfavorable influences, shortened tail spine, and the 
production of males and of winter eggs. Crowding does cut down the number of 
young produced and daphniae from overcrowded cultures are unsatisfactory 
for assay work. It has been suggested that 40 ¢.¢. of medium be allowed for each 
daphnia. We have found that a smaller quantity, but not below 10 e@.¢. per 
animal, ean be used. Aeration is of advantage. This is done as follows: the 
jars containing the mature females are placed in a diffuse light (north window 
away from fluctuations of the temperature above or below normal room tempera 


ture (68° F.). A eapillary pipette is placed in each jar and connected with an 





air line. This is so regulated that a small bubble escapes every one or two 
seconds, and this is continued for hours at a time. These bubbles in traveling to 
the surface maintain a slow circulation in the medium and keep it sufficiently 
supplied with oxvgen. The evaporated water should be replenished with distilled 
water from day to day. If the latter is added in small quantities, it has no 
deleterious effect on the daphnia. 


*The culture jars we have found satisfactory measure 6 inches in diameter by 9 inches 
in height, containing about 4 liters. 
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Breeding of Test Specimens —A mature gravid female (Fig. 1; recognized 
by the eggs within it) is placed in a liberal supply of culture medium, and mul- 
tiplication is permitted to take place until a large stoek of offspring has de- 
veloped, whieh usually requires about two months. The gravid females are then 
pipetted into other jars, and these brood jars are inspected daily for newly born 
daphniae. As the daphniae retain the voung in the brood sae until they are 
liberated as free swimming forms, it is a simple matter to pipette out the erop 
of young each day. The young? daphnia is visible to the naked eve when born. 
The day's erop of voung may be counted as they are removed and placed into 
other jars; these jars are then marked with the birth date and number of voung 


and set aside. Such fleas as are not used experimentally are added to the stock 


Fig. 1 Mature gravid female daphni a, Gut; b, Ovum. 


ars of gravid females to supply future cultures. The culture water in these 
rood jars is changed every other week. 

All this preparatory procedure is important because only daphniae of a cer- 
ain age are suitable for quantitative results. 

MeArthur and Baillie’ have determined the heart rate to be highest and con- 
equently the metabolic rate to be greatest on the seventh day. In experiments 


n the effeet of age on consistency of results, we have found that this age gives 





© most consistent data, and that the results become more seattered with in- 
reasing maturity. As the daphniae become older the carapace becomes thicker 
nd less transparent, rendering observation less easy. With maturity and the 
ppearance of eges in the brood sae, the results are still less reliable, due prob- 
bly to changes in metabolism attendant upon the appearance of the eggs. 


"hough seven-day daphniae would probably be the best for the purpose, we find 





heir small size rather inconvenient. Daphniae ten days of age are large enough 
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to render observation Casy ; and, as the results with fleas of this age are still con 
sistent, we agree with Viehoever*t that this is the proper age at which to start 
observations. 


TECHNIQUE OF THE TEST 


Preliminary Qualitative Study.— lt must, of course, be presupposed that 
qualitative observations, the method for which is discussed in another paper, 
have previously been made; otherwise, a good deal of time may be wasted before 


one discovers possible fallacies of the test, namely: evacuation of the traet due 


to paralysis of the feeding mechanism without impairment of @ut peristalsis. 
This ean be discovered by findine that no food enters the Upper part of the e@eut 
It is essential that feeding continue throughout the observation period. 
Preparation of the Test Solutions.—Ten-day daphniae with solidly filled 
tracts should be selected. About 50 ¢.¢. of the same medium in which the spec! 
mens to be tested have been grown is decanted into a small beaker. The chemical 
to be tested is added to this decanted portion. In the ease of many of the 
sparingly soluble materials with whieh we worked, we experienced diffieulty in 


wetting the substance sufficiently to allow ready mixing with the water. In sueh 


Ty 7D 
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cases the mixing is facilitated by agitating the dry substance with distilled wate 
in a test tube until the material readily settles to the bottom on standing. The 
tube is then again agitated, and a quantity of the suspended material is added 
to the culture water. The latter is stirred up at intervals and then allowed to 
stand for about an hour to permit the excess material to settle. Tf an appreciable 
amount of the matter remains In suspension, it has a tendency to clump on the 
antennae of the daphniae, hindering their swimming movements and disturbing 
their normal feeding processes. At the end of one hour the eulture water should 
be quite clear, the supernatant medium containing but few particles of the mate- 
rial in suspension, which is probably essential to maintain saturation. 

Filtration is not permissible, because of the necessity of maintaining a sul 
ficient number of fodder organisms to prevent ‘‘starvation evacuation,’’ which 
might be misinterpreted as an emptying of the gut. 

Filling of Observation Tubes.—The observation tubes (Fie. 2 


, devised by 
Viehoever, are thoroughly cleansed and numbered. We have found it most con 
venient to work with 10 to 20 tubes at each observation. A larger number exces 
sively increases the period of time of actual inspection and may give rise t 
overlapping e¢lass intervals in the calculation of the final results. It is more 
desirable to run five daphniae in each of several solutions simultaneously thar 
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to take observations on twenty in one solution on successive day S, aS sampling 
differenees are then less likely to give erroneous indications on the comparative 
action of various substances. 

The tubes are then filled with the supernatant liquid prepared as described 
above. A capillary pipette is the most convenient means of filling them. The 
tube is filled only to the point of flare at the top, leaving a small portion unfilled. 
The remaining test solution is decanted into a second beaker. The daphniae are 
pipetted into a third beaker with the smallest possible quantity of culture water. 
The beaker containing the decanted test solution is then emptied into the third 
heaker containing the daphnia and the time marked by starting a stop watch. 
This method insures that each daphnia is brought into contact with the test solu- 
tion at the same time. A daphnid is then picked up in a glass tube (to whieh 
the bulb of a medicine dropper has been attached), and the water carefully 
dropped out until there remains only a drop or two containing the daphnia. 
Qne of the tubes is picked up and its lip placed against the edge of the dropper. 
The remaining water in the dropper is squeezed out and the daphnid carried 


nto the observation tube. The transfer of the daphniae can be accomplished in 
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_-very loose 
--25% 


loose 
-50% 


-75% — solid 


(a) (b) 


Diagram showir method of estimating (a) degree of evacuation of gut, and (b) 
consistency of contents. 
bout three minutes. With a piece of filter paper remove the solution in the 
lared portion of the observation tube, as the curvature of the glass in this por- 
tion makes observation difficult. The tubes ean then be laid on the side without 
danger of loss of contents. Observations are best made with a capillary or dis- 
seeting microscope, using low enough power to provide a fairly large field as the 
‘live daphnia is then more easily followed. 
The temperature should be constantly checked. If the room temperature is 
Zo (., no further provisions need be made. We have found that under lower 
mperature conditions the temperature can be easily regulated by placing the 
servation tubes in a small beaker, inserting a thermometer and controlling the 
iperature by moving the substage lamp nearer to or farther from the beaker. 
temperatures higher than desired, the tubes may be placed on a folded piece 
oF gauze Which is in turn placed on a towel, and the whole saturated with eold 
ter. By this means a temperature of 24.5° to 25.5° C. may be maintained. 
Vethod of Observation..—Observations are made every ten minutes. For 
eressive evacuation studies the evacuation of the gut should be noted as 25 


‘cent, 90 per cent, 75 per cent, and 100 per cent. The estimation of the 


LD J 


degree of evacuation is made according to the attached sheet (Fig. 3). 
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For the subdivision of the gut the following landmarks are employed: 0 per 
cent at the anterior portion of the traet, 25 per cent at the posterior end of the 
it at the midpoint of the tract, and 75 per cent at the 


eardiae flexure, 50 per cel 
To facilitate the reeord 


beginning of the curve of the postabdomen (Fie. 5a 
ing of the amount of material in the gut, the condition of the tract may be noted 
When the contents present 
When the tract becomes 
The ap 


larger spaces indieates a 


as ‘‘very loose,’’ ‘‘loose,’’ and ‘‘solid’’ (Fig. 3b 
an unbroken, opaque appearanee, it is termed ‘‘solid.”’ 
lighter in color and broken spaces begin to oecur, it is ealled ** loose.’ 
pearance ot small clumps of material separated by 
~ €ORY loose’? condition. When the contents no longer appear in the extrem 
posterior of the traet, it may be termed empty, even though small particles of 
food just ingested appear in the extreme anterior end. Recording the consist 
eney of the contents in this manner enables the worker to obtain a fair estimate 
of the condition of peristaltic activity. An emptying of the tract which presents 
a solid mass of material moving through the intestine, indicates an increased rat 
in stool passage. If the solid material begins to loosen at the anterior end and 


show a tendeney to continue loosening, it is almost certain that reverse peristalsis 


has set in. For quantitative comparison the time of 75 per cent evacuation is 
probably sufficient. 

For work with the sparingly soluble bodies, such as phenolphthaleins, the 
saturated solution with excess has been used. Present indications are that in the 
case of more active agents, such as vellow phenolphthalein, the stimulation ot} 
peristalsis may actually be so strong as to inhibit evacuation. For this reason it 
may be necessary to work with dilutions and comparisons made of relative effi 


CleNCY aceording to the dilution. 
SUMMARY 


A method of procedure for the use of Daphnia magna in the assay o 
cathartics is herewith submitted. In order to seeure comparable results. it 
important that a standard technique be established. We believe that the pr 
cedure described gives comparable results, although we are willing to admit t! 


possibility and desirability of further improvement and refinement. 
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TUBERCULIN REACTION, Daily Variations in, Howe, J. S. 


Am. Rev. Tubere. 37: 264, 
1938. 


[. Range of Variation in Tubereulous and Control Subjects. 


II. Relation to the Vascular Pressor Kpisode. 
There is a definite correlation between the quantitative variations in the tubereulin 


action and the state of the peripheral vessels as measured by daily diastolie blood 


six subjects the correlation range 


rressure levels. In this series of ges from 77 per cent to 


) per cent. 
Periods of peripheral vasoconstriction, characterized by increasing diastolie blood 


ressure, are accompanied by a decreased reaction to tuberculin, and in several instances 


completely negative reactions to the smaller dose of tuberculin. 
Periods of peripheral vasodilation, characterized by a falling diastolie blood pressure 
llowing a definite pressor peak, are accompanied by increased reaction to tubereulin, This 


exaggeration of the tuberculin reaction is most marked immediately following a marked 


eSSOT episode, and mas subside with complete vasodilation. 
In all subjects studied over the same period, the trend of the tuberculin reaction at the 
sume time is roughly parallel ; that is, the ‘* peaks and troughs’’ ot the eurves for the different 


bjects coincide more or less closely. This is in accord with the work of Petersen who has 


wn that vasoconstriction and vasodilation, reflected in the blood pressure readings, are 
rgely influenced by the meteorologic environment, particularly by the infall of polar air, 


ich causes peripheral vasoconstriction, and is reflected as the 


pressol episode. 9 


The mechanism of these variations in the tuberculin reaction apepars to be one of 
riodie changes in vascular and tissue permeability, affecting the extent of local exudation 
response to a definite dose of tuberculin. The increased permeability may also result in 
actually increased sensitivity of the cells to tuberculin. 

The vascular pressor episode may be reflected not alone in variations in the tubereulin 
reaction but also in clinical symptoms and chemical and serologie changes. 


PHENOLPHTHALEIN STUDIES—Elimination of Phenolphthalein, Fantus, B., 
Dyniewicz, J. M. J. A. M. A. 110: 795, 1958. 


and 


Vethod of Determining Conjugated Phenolphthalein in Urine. Heat 10 ¢.c. of urine and 


of 10 per cent hvdrochlorie acid on a water-bath for from three to four hours to break 


the conjugation. Allow the solution to cool. Extract with ether in from 15 to 20 e.e, 


tions until a small volume of the last washing shows no trace 


f phenolphthalein when 
ted with sodium hydroxide volumetric solution. 


The combined, filtered ether portions containing the freed phenolphthalein are shaken 
a small portion of tenth normal sodium hydroxide volumetric solution and allowed to 
d until the mixture has completely separated. The alkaline solution is then drawn off 


) a second separator, and the process repeated until all the phenolphthalein is extracted. 


combined alkaline solutions are than made acid with the smallest amount of hydro 
rie acid and again extracted with ether. 

The ether portions are made alkaline with tenth normal sodium hydroxide volumetric 
tion (the volume used depending on the amount of phenolphthalein present) and eom 
pared with the same volume of tenth normal sodium hydroxide volumetric solution, to which 
is added a known standard phenolphthalein solution to color equality, and the amount of 
plenolphthalein present is calculated. 
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We thod o Dete mining Free Phenolphthalein in Urine. Extra t 10 e.e. of urine with 
ether in from 15 to 20 ¢.e. portions until a small volume of the last washing shows no trace ot 


phenolphthalein when tested with tenth normal sodium hydroxide volumetric solution, The 
combined, filtered ether portions containing the phenolphthalein are shaken with tenth normal 


sodium hydroxide volumetrie solution, the volume used depending on the amount of phe 

nolphthalein present. It is advisable to make the extraction with as few separations as pos 

sible and to make the reading quickly beexuse phenolphthalein in alkaline solution tends to 
5 4 : t 


decolorize. This solution is compared with the same volume of tenth normal sodium hydrox 


] 


ly lard phenolphtl slein solution 1 oOLlol! 


ide volumetric solution, to which is added a known stand 


equality, and the amount ecaleulated. 


INTOXICATION, ALCOHOLIC, Diagnosis and Medicolegal Implications, Selesnick, S. 
J. A. M. A. 736: 775, 1938. 


It is important to have definite criteria as a basis for the diagnosis of alcoholic intox 
ication in accidents involving individuals who have imbibed aleoholie beve rages, The chen 
ileal determination of body fluid aleohol offers a scientific means of establishing whether ot 
not an individual has imbibed aleohol and of estimating the degree of aleoholie intoxication 


{ 


Blood as a medium for analysis is preferable to spinal fluid, urine, saliva, and expired air 


beeause it contains a negligibly small amount of nonaleoholie oxidizable material, its 


holie content represents the degree of aleohol saturation at the moment the blood sample 


obtained, it is always available, and its extraction does not necessitate the active particip 


tion of the subject. There are sufficient scientific data to prove that subelinieal intoxication 
or aleoholie intoxication in the biologie ease without anv gross manifestations of drunker 

ness—can produce sufficient interference with psychomotor activity and neuromuscular 

ordination to render such an affected individual a potential public menace. Blood alcol 


determinations ean detect these degrees ot nleoholik Intoxieation whiel ordinarily escape t 
letection of competent pliysicians, Criteria, therefore, must be established which inelud 


body fluid aleohol determinations as part of the diagnost armamentarium, 


SULFANILAMIDE: Para-aminobenzenesulfonamide, Absorption and Excretion, Method of 
Determination in Urine and Blood, Marshall, E. K., Jr., Emerson, K., Jr., and Cutting 
W.C.: J. A. M. A. 108: 953, 1937. 


The authors present the followin methods for the determination of sulfanilamide 


ie urine and blood. The method depends upon the presence of an amino group substituted 


the benzol ring. Diazotization with nitrous acid in an acid solution produces a diazo cor 


pound with dimethyl alpha naphthvlamine, a purplish-red azo dye estimated by eolorimet 
The method has a sensitivity of | part to 20 million of water. 
Reagents: 

lL 0.1 per cent freshly p epared solution of sodium nitrite. 


2, N/10 hvdroehlorie acid. 
95 per cent ethyl alcohol. 

t+. Dimethyl-alpha-naphthylamine 1 e.c, to 100 ¢.c. of aleohol. 

5. Standard solution: 200 mg. of sulfanilamide per liter. Krom this stock solut 
standards are prepared containing 1.0, 0.5, and 0.2 mg. per cent. The standards are stal 
for several months if kept in the icebox. 

Vethod for Urine: 

1. Dilute the urine to contain 0.5 to 1.5 mg. per cent of sulfanilamide (with the ami 
ordinarily administered dilutions of 1:50, 1:100, or 1:200 suffice 

2 To 10 c.e. of diluted urine in a small flask, add 2 ¢.c. of HCl, 1 ¢.c. of sodium nitt 


yD €.e, of aleohol, and 1 @.e. of naphthylamine. Shake the flask after the addition of e¢ 


Treat similarly 10 ¢.e. of the standard solution in a similar flask. 


he solutions i 


t. Allow both flasks to stand ten to fifteen minutes and match t 





colorimeter. 











ot 











Vethod for Blood: 

1. While shaking, add 1 volume of blood to 9 volumes of alcohol, stopper the flask, allow 
to stand ten to fifteen minutes (or longer) and filter. 

2. Transfer 10 ¢.c. of filtrate to a small flask and add 5 ¢.c. of water, 2 ¢.c. of HCl, and 
1 e.e. of sodium nitrite. 

Allow to stand three minutes and add 1 ¢.e. of naphthylamine. 

4. In a similar flask add 1 e¢.c. of standard to 9 ¢.c. of alcohol and treat similarly. 

\llow to stand ten to fifteen minutes, filter, and compare colorimetrically, 

These determinations give the concentration of free sulfanilamide—not the conjugated 
form which, because of blocking of the amino group, does not give the color reaction until 


hydrolyzed by hydrochloric acid and heat. 


SULFANILAMIDE, Estimation in Blood and Other Body Fluids, Proom, H. Lancet 234: 


260, 1938. 


Reagents: 
1. 20 per cent aqueous trichloracetie acid. 
2. 0.5 per cent sodium nitrite solution. 
1 per cent alcoholic solution of dimethyl-alpha-naphthvlamine. 
Vethod: Applicable to blood, urine, milk, and spinal fluid. 

1. Dilute 1 ¢.c. of blood (or body fluid) with 2 ¢.c. of distilled water. 

2. Add 1 e.e, of trichloracetic acid solution, mix, and filter through a small paper. 
To 1 «.c. of filtrate, add 0.05 e.c. (1 drop) of sodium nitrite solution. 

4. Allow to stand three minutes and add 0.5 ¢.c. of naplithvlamine solution and mix 
by gentle shaking. 

5. Allow to stand fifteen minutes and compare colorimetrically with standard solutions 
similarly treated. 

Standards: 

Prepared either from solutions of phenol red in phosphate buffer, or, for concentrations 
ess than 0.01 mg. per ¢.c., from solutions of cobalt sulfate in dilute sulfuric acid. Standards 
re sealed in 4% by 4 inch test tubes of nonalkaline glass. Suitable ranges: 0.1, 0.05, 0.025, 
01, 0.005, 0.0025, and 0.001 me, per ¢.c. 

Method accurate to within 10 per cent. 


TISSUE: Gum Dammar for Mounting Sections, Evans, N. Arch. Path. 2:! 


oe | 
t 
t 


Dissolve the resin in the ‘‘ neutral histological practical) xvlene’’ specially prepared by 

e Eastman Kodak Company. This is done by placing the ingredients together in a large 
toppered bottle in an incubator and stirring with a glass rod several times daily until the 
ixture is of a heavy syrupy consistency. This is usually accomplished in ahout a week's 
me. Then strain through four lavers of clean gauze and store in a dark bottle. If the 
‘sultant solution is found to be too thin for mounting purposes, a thicker consistency can 

secured by placing the unstoppered bottle in an incubator for evaporation until it is of 
e right consistency, A satisfactory solution is considerably thinner and much less sticky 
an the preparations of Canada balsam generally used, and can be applied to the slide 
lickly, 

The following advantages are noted for this method: 

Slides mounted with gum dammar are much cleaner, dry quicker, will not stick togethe1 
allowed to dry for a few months before storing in contact with other slides, do not dis 
lor, and do not fade. 

An important advantage is the possibility of storing slides in compact arrangements, 
nee they have no tendency to stick to one another, thus saving much space and expense in 
viding cabinets for the permanent filing of the slides. 

Prepared solutions of gum dammar ready for use can be purchased from laboratory 


pply houses. 
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TUBERCULOSIS: The Weltmann Serocoagulation Reaction, Levinson, S. A., and Klein, 
R. I. Am. Rev. Tubere. 37: 200, 1938, 


The Weltmann serum coagulation test is of importance in distinguishing between ex 
udative and productive changes. The technique is simple, and the method is described. In 


veneral, acute inflammatory and exudative conditions give a shortened coagulation band or 

shift to the left. In chronie diseases, characterized by fibrotic changes, in the healing 

stave of acute infection, and in parenchymal liver damage, the coagulation band tends to be 
I . 


lengthened, or results in a shift to the right. The coagulation band does not always parallel 


the sedimentation rate. In tuberculosis the Weltmann coagulation test is of importance be 
enuse it can be used as a guide in the course of and in the prognosis of the disease. It re 


flects tissue changes that occur in the body. Exudative changes in tuberculosis are manifested 
by a shortening of the coagulation band, while fibrotic changes are accompanied by a pro 
} 


longed 


coagulation band. When exudative and fibrotie changes occur in the lung at the same 
time, as happens frequently in tuberculosis, the Weltmann reaction may not be of great as 
sistance. The two divergent processes occurring at the same time result in the coagulation 
band striking the normal zone. In miliary tuberculosis, peritoneal tuberculosis, and in menin 
veal tuberculosis, the Weltmann reaction gives a shortening of the coagulation band in the 
exudative zone. Isolated bone tuberculosis is accompanied by a normal or prolonged coagula 
tion band and is reflected in the fibrotie zone. There is a correlation between the blood pH 
and the Weltmann reaction, but the authors believe that both of these changes may be directly 
related to the underlying process. They have applied the Weltmann test not only to tubereu 
losis in the minimal, moderately advanced, and far advanced stages, but also to the complica 
tions that occur in pulmonary disease. They have also employed the Weltmann reaction and 
compared it with the sedimentation rate in several examples of various types of tuberculosis 
over a prolonged period of time. The results are charted in the text. Although unable at the 


present to explain the mechanism of the Weltmann serum coagulation reaction, they believe 


that this test is of importance in the diagnosis and prognosis of disease, particularly i 


tuberculosis. 

The technique follows: 

From a stock solution of 10 per cent calcium chloride (CaCl,.6H,O), ten dilutions con 
sisting of 0.1 per cent, 0.009 per cent, 0.08 per cent, 0.07 per cent, 0.06 per cent, 0.05 per 
cent, 0.04 per cent, 0.05 per cent, 0.02 per cent, and 0.01 per cent are made up. These dilu 
tions are numbered from one to ten, beginning with the strongest concentration. Ten smal 
test tubes, such as are used in the Wassermann reaction, are placed in a metal rack and nun 


hered in order from 1 to 10, Into each tube is pipetted 5 ¢.c. of the similarly numbered 





ealcium chloride solution and 0.1 ¢.e. of unhemolyzed serum. The tubes are then shaken s 
that the contents are well mixed and placed in a boiling water bath for fifteen minutes, They 
are then removed and the reaction can be immediately determined. The contents of the 
tubes may be clear, faintly opalescent, turbid, or there may be a flocculation. There is 
usually a sharp and easily noted difference between flocculation and turbidity. 

The number of tubes in which coagulation oecurs is designated by Weltmann as tl 
coagulation band (C.B. of that particular serum). If there is a very slight or doubtfu 
flocculation in one tube the reaction is interpreted as being intermediate between that tul 
and the one before it. In normal serum the first 6 tubes usually show flocculation. Some 
times there is a slight or doubtful flocculation in the seventh tube. The normal coagulati 
band is, therefore, 6 to 6144, and is remarkably constant. This means that normal huma 
serum diluted 50 times with ealeium chloride solution and heated in a boiling water-bat 
for fifteen minutes will not coagulate or floeculate if the concentration of the calcium chlori 
is less than 0.04 per cent. If the coagulation band is less than 6, Weltmann speaks of tl 
reaction as showing a shift to the left, whereas, if the coagulation band is 7 or greater, t 


reaction indicates a shift to the right. 











ABSTRACTS QQ 


NEPHROSIS: Metabolic Study of Five Children With the Nephrotic Syndrome, Mitchell, 
A. G., Rittershofer, C. R., Wang, C. C., Kaucher, M., Wing, M., and Hogden, C. Am. 


J. Dis. Child. 55: 27, 1938. 


Metabohe studies on five nephrotic children, two bovs and three girls, between the 
ges of 3 and 16 vears, were made during periods lasting from forty-two to two hundred 
d fifty-five days. In this report the clinical data, the effect of various treatments, and 
the records of excretion of urinary protein, studies of the blood, basal metabolism, and the 
energy exchange are presented. 
The effects of diureties and dietary treatment varied greatly in producing temporary 
changes. However, no prolonged general improvement, including disappearance of edema, 
vas accomplished with any procedure. 
The protein content (albumin and globulin) of the serum, its nonprotein nitrogen 
ntent, and the cholesterol content of the blood were determined from time to time for 
the five patients. The values were those characteristic for the nephrotic svndrome; Le., 
there were a low total protein content, a reversal of the ratio of albumin to globulin, a 
ormal value for serum nonprotein nitrogen, except in two patients in whom the nephrotic 

ndrome was complicated, and a high content of blood cholesterol. The concentration of 
emoglobin and the cell counts showed no definite changes, 

The basal metabolism and the energy exchange are discussed in relation to age, 
ight, and weight. The values are compared with data reported for normal children. 
he values for basal metabolism of all patients were within normal limits according to the 
tandard of Benediet and Talbot and, with one exeeption, to the standard of Harris and 

Benedict. According to Drever’s standard the heat production of all patients except one 
as low. From the determinations of calorie intake and calorie loss, caleulations were 
ade for the percentage absorption of energy and the expenditure of energy for growth, 
livestion, and activitv. These values agreed with data obtained for normal children. 


This indieates that the energy exchange of a nephrotic patient is normal. 


SULFANILAMIDE 


Mall, J. W., and Smith, J. T. (.J. A. M. A. 110: 489, 1938) report an actual lowering 


the capacity of the blood for oxygen following the use of this drug. 
Swift, H. F., Moen, J. K., and Hirst, G. K. (.J. A. M. A. 110: 426, 1938) conelude that 


e toxie action of sulfanilamide in active rheumatic fever so far outweighs the beneficial 


erapeutic effect that its use in this disease does not seem justified. 


Bilger, J. A., Clifton, W. M., and Werner, M. (.J. A. M. A. 110: 345, 1938) report that 
lfanilamide seemed to cause a depression of the white blood cells even to a point at 
hich a leucopenia developed. 

Agranulocytosis or granulopenia did not occur with this depression or leucopenia. 

The action of sulfanilamide seems to be independent of the leucocytes in that it 
es not produce an increase in the total leucocytes or in the proportion of the polymorphonu 
ar cells. 

Cyanosis oecurred in seven cases but spectroscopic examination of the blood speci 
ens in these eases did not reveal bands of sulfhemoglobin or methemoglobin. 

Sulfanilamide is a very effective drug in beta hemolytic streptococcus infections. 


Frequent blood cell determinations should aecompany sulfanilamide therapy. 


Osgood (.J. A. M. A. 110: 349, 1938) discusses the mode of action and coneludes that 
major action of sulfanilamide on the beta hemolytic streptococcus seems to be neutraliza 
of the toxins. Either because of this action or incidentally it also decreases the 


te of cell division of this organism. It appears not to kill these organisms directly, al 
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though it does permit the bactericidal properties of human serum and to some extent 
phagocytosis by leucocytes to kill organisms which they otherwise would be unable to kill. 
It has no direct effect on phagoevtosis. 

The effective concentration of sulfanilamide would appear to be about 1:100,000 or 


only one tenth of that now ordinarily maintained in the blood stream, but this experimental 


observation requires confirmation by carefully controlled experiments on large numbers of 
human infections before it is justifiable to employ smaller dosages in dangerously ill 
patients. Sulfanilamide in concentrations even greater than those generally employed 


1 


clinically does not appear to have direct toxic action on the nucleated cells of the majority 
of bloods or marrows. This does not exelude the occurrence of an oecasional idiosynerasy 
in the reactions of these cells such as is known to oecur for other benzene ring drugs, 

The possible effectiveness of and the mode of action of sulfanilamide on all other 


rganisms known to produce human disease should be 


letermined by the methods here 
leseribed as soon as possible. Cultures of human marrow should aid materially in the 


study of the mode of action of both noxious and therapeutic agents. 


Another case of fatal granulocytopenia is reported by Schwartz, W. F., Garvin, C. F., 


and Kaletsky, S. (.J. A. M. A. 100: 368, 1938) and still another is recorded by Berg, S., and 
Holtzman, M. (.). A. M. A. 110: 370, 1938 








REVIEWS 


Books and Monographs for Review should be sent direct to the Editor, 


Dr. Warren T. Vaughan, Professional Building, Richmond, Va. 


The Control of Syphilis and Other Infectious Diseases’ 


HIS volume presents the fifth series of Abraham Flexner lectures, presented im the School 
of Medicine of Vanderbilt University. 

In view of the widespread publicity given to the campaign against syphilis and the 
frequent reference and the similar campaign conducted in Denmark, the first lecture ‘* Control 
of Venereal Disease in Denmark With Special Reference to Syphilis,’’ which, incidentally, 
was under Dr. Madsen’s direction, will be read with great interest. 

It is of particular interest to note in the account given in this lecture, that the attempt 
at control of syphilis through state agencies in Denmark began as long ago as 1774 and that 


the results widely quoted had their Inception inn law pron tlented in 1908, 


The second lecture is concerned with the mechanism ef bacterial infection: the third 
discusses tuberculosis in Denmark; the fourth, the influences of seasons on infection: and the 
final lecture is devoted to Whooping eoug 
All these lectures are of scholarly quality and constitute real and valuable contributions 


to the subjects in question. This book may well be added to the plhysician’s library. 





The Diary of a Surgeon in the Years 1751-1752: 


HIS is not a book to be started if there is an in portant appointment in the office, for once 
begun this book can only be laid down with reluctance. 

There is some justification for sprinkling the proverbial grain of salt on publishers’ an 
ouncements but that on the jacket of this book is not only true to the letter but, if anything, 
little conservative, 

It says, ‘‘ This is one of those intriguing books which defies classification. It ean be 

enjoyed as a vivid reconstruction of old medical practice, it can be read as a tale of high 
lventure on the sea, or it can be savored as a delightful piece of writing with a distinctive 
Pepysian flavor. Whatever, it is, it makes thrilling reading—an unusual treasure of a book 


hich does more to throw light on past days than reams of histories, *’ 


This is exactly that sort of a book. If you own it you won’t want to lend it because, 
you had borrowed it you would have to return it. If you do not read it, you will miss 
book undoubtedly destined to become a classie. If, for any reason, vou have decided not 


» buy any more books for a while, do not open this one. You will not be able to resist it if 


uu do. 


For the benefit of the general reader a glossary if scientific names and a glossary of terms 
included—wisely, for these rollicking pages will have a general and widespread appeal. 
*Lectures on the Epidemiology and Control of Syphilis, Tuberculosis, and Whooping Cough, 
1 Other Aspects of Infectious Disease. By Thorvald Madsen, M.D., Director of the State 
rum Institute of Denmark, Copenhagen; Chairman of the Health Committee of the League 
Nations. Cloth, 216 pages, 21 figures, $3.90. Williams & Wilkins Co., Baltimore, Md. 
*The Diary of a Surgeon in the Year 1751-1752. By John Knyveton, Licentiate of the 
clety of Apothecaries; Doctor of Medicine of the University of Aberdeen; Teacher of Mid- 
fery and Man-Midwife in Infirmary Hall; Surgeon’s Mate H.M.S. Lancaster. Edited and 
Transcribed by Ernest Gray. Cloth, 332 pages, 7 illustrations, $2.50. D. Appleton-Century Co., 
‘w York, N. Y 
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Handbook of Medicine* 
A NY book reaching an tenth edition must have proved itself useful and of value to those to 


whom 


t is addressed. This volume proves the rule, The present edition has been ex 
tensively revised and much new matter added throughout. 
It may be predicted with confidence that this edition will meet the same cordial reception 


awarded to its predecessors. 


The Hair and Scalp’ 


N \ REVIEW of the first edition of this book it was predicted that it would receive a 
cordial reception. The necessity for a second edition within two vears is, hence, no surprise 
This little volume will be found eminently practical, and a most useful addition to the practi 


tioner’s bookshelf. It can be recommended as an important contribution to a neglected subject 


The Medicolegal Aspects of the Ruxton Casei 


HIS is a volume of extraordinary interest. While Professor Glaister has achieved ar 
international reputation as a medicolegal expert, it is doubtful whether his previous experi 
ence included a case with so many bizarre aspects, or presented so many difficulties as the case 

the story of which is here related. 
The problem presented to the experts for the crown in the Ruxton case was the recon 


struction and identification of two bodies, represented by over seventy gruesome fragments 


The bodies, those of Mrs. Ruxton and her maid-servant, had not only been dismembered 
but subjected to partial dissection and extraordinary mutilation in an effort to render identific: 
tion in possible. To this task new methods were brought, in addition to those familiar to leg: 
medicine, as a result of which identification was indubitably established, and the murderer, D1 


Ruxton, duly convicted and executed. 





The book details through text and numerous illustrations the methods used To the 
pathologist, the police surgeon, the lawyer, and all concerned with medicolegal problems thi 


volume will prove a classic of its kind. 


Vade Mecum of Medical Treatment§ 


HIS is a handbook the aim of which is to provide an account of the treatment of thos 
conditions most commonly seen in general practice. To facilitate ready reference the dis 
eases noted are arranged in alphabetical order. An index makes the contents of the bool 
readily accessible, 
The methods advocated throughout the book are either those with which the aut! 
ias had personal experience, or those recommended by standard authorities. 


As a ready reference, this book should prove useful to the practitioner at large. 


*Wheeler and Jack’s Handbook of Medicine. Revised by John Henderson, M.D., M.R.C.1’ 
Physician, Glasgow Infirmary; Professor of Medicine, St. Mungo’s College, Glasgow: Hor 
Lecturer in Clinical Medicine, University of Glasgow; Examiner in Medicine for Fellows! 
of R.F.P.S. (Glasgow) ; Lecturer in Medicine and Physician to Nurses, Glasgow Royal Infirma: 
Leatherette, ed. 10, 703 pages, 27 figures, $4.00. William Wood & Co., Baltimore, Md. 

jfHair and Scalp. By Agnes Savill, M.A., M.D., M.R.C.P.1., Consulting Physician 
Fitzroy Square Skin Hospital; Formerly Physician to St. John’s Hospital for Skin Disease 
ieicester Square, ete. Cloth, ed. 2, 309 pages, 54 illustrations, $4.75. William Wood & C 
Baltimore, Md. 

The Medicolegal Aspects of the Ruxton Case. By John Glaister, M.D., D.Sc., Barrist« 
at-Law, Regius Professor of Forensic Medicine, University of Glasgow, and James Coup: 
Brash, M.A., M.D., F.R.C.S., Ed., Professor of Anatomy, University of Edinburgh. Cloth, 
pages, 174 illustrations, $6.00. William Wood & Co., Baltimore, Md. 

§$Vade Mecum of Medical Treatment. By W. Gordon Sears, M.D., M.R.C.P., Depu 
Medical Superintendent, St. Charles Hospital, London. Cloth, 368 pages, $4.00. Willi 
Wood & Co., Baltimore, Md, 








